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To: Dale Bambrick - NOAA Federal

Cc: "Scott Anderson - NOAA Federal"

Subject: EPA BE for Washington Hatchery General Permit - Risk Assessment Work on Potassium Permanganate and
Povidone-lodine

Date: Tuesday, October 18, 2016 4:29:00 PM

Attachments: Elemental iodine predicted toxicity from ICE.xIsx

KMnO4 all from ECOTOX 050514.xIsx
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Dear Mr. Bambrick,

Attached please find the remaining risk assessment work mentioned as an enclosure in the EPA
cover letter from Michael Lidgard emailed to you this afternoon.

Thank you.

Jill
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		Table PI-3.  Elemental iodine (I2) predicted toxicity from empirical toxicity to rainbow trout

		Rainbow trout input toxicity data was a 96 hour LC50 of 530 µg/L from Laverock et al. (1995)

		Bull trout		=		Predicted Taxa		Model Level		Surrogate		Estimated Toxicity		95% Confidence Intervals		df (N-2)		R2		p-value		Mean Square Error (MSE)		Cross-validation Success (%)		Tax. Dist.		Slope		Intercept

						Salvelinus		genus		Rainbow trout (Oncorhynchus mykiss)		496.14		368.59 - 667.82		37		0.88		0		0.16		92.3		2		0.89		0.26

						Salmonidae		family		Rainbow trout (Oncorhynchus mykiss)		562.58		478.57 - 661.35		55		0.95		0		0.07		98.24		2		0.93		0.2

		Chinook salmon		=		Predicted Taxa		Model Level		Surrogate		Estimated Toxicity		95% Confidence Intervals		df (N-2)		R2		p-value		Mean Square Error (MSE)		Cross-validation Success (%)		Tax. Dist.		Slope		Intercept

						Chinook salmon (Oncorhynchus tshawytscha)		species		Rainbow trout (Oncorhynchus mykiss)		723.74		435.53 - 1202.66		6		0.97		0		0.06		100		1		0.94		0.27

						Oncorhynchus		genus		Rainbow trout (Oncorhynchus mykiss)		601.04		502.62 - 718.72		45		0.95		0		0.07		97.87		1		0.96		0.16

						Salmonidae		family		Rainbow trout (Oncorhynchus mykiss)		562.58		478.57 - 661.35		55		0.95		0		0.07		98.24		2		0.93		0.2

		Chum salmon		=		Predicted Taxa		Model Level		Surrogate		Estimated Toxicity		95% Confidence Intervals		df (N-2)		R2		p-value		Mean Square Error (MSE)		Cross-validation Success (%)		Tax. Dist.		Slope		Intercept

						Oncorhynchus		genus		Rainbow trout (Oncorhynchus mykiss)		601.04		502.62 - 718.72		45		0.95		0		0.07		97.87		1		0.96		0.16

						Salmonidae		family		Rainbow trout (Oncorhynchus mykiss)		562.58		478.57 - 661.35		55		0.95		0		0.07		98.24		2		0.93		0.2

		Coho salmon		=		Predicted Taxa		Model Level		Surrogate		Estimated Toxicity		95% Confidence Intervals		df (N-2)		R2		p-value		Mean Square Error (MSE)		Cross-validation Success (%)		Tax. Dist.		Slope		Intercept

						Coho salmon (Oncorhynchus kisutch)		species		Rainbow trout (Oncorhynchus mykiss)		785.55		645.89 - 955.41		15		0.98		0		0.02		100		1		1.04		0.03

						Oncorhynchus		genus		Rainbow trout (Oncorhynchus mykiss)		601.04		502.62 - 718.72		45		0.95		0		0.07		97.87		1		0.96		0.16

						Salmonidae		family		Rainbow trout (Oncorhynchus mykiss)		562.58		478.57 - 661.35		55		0.95		0		0.07		98.24		2		0.93		0.2

		Sockeye salmon		=		Predicted Taxa		Model Level		Surrogate		Estimated Toxicity		95% Confidence Intervals		df (N-2)		R2		p-value		Mean Square Error (MSE)		Cross-validation Success (%)		Tax. Dist.		Slope		Intercept

						Oncorhynchus		genus		Rainbow trout (Oncorhynchus mykiss)		601.04		502.62 - 718.72		45		0.95		0		0.07		97.87		1		0.96		0.16

						Salmonidae		family		Rainbow trout (Oncorhynchus mykiss)		562.58		478.57 - 661.35		55		0.95		0		0.07		98.24		2		0.93		0.2

		Selected ICE model used to estimate chronic NOEC for T&E species highlighted in green and bolded

		Results from other ICE models not used to estimate chronic NOEC for T&E species shown in red






KMnO4 all from ECOTOX 050514

		CAS Number		Chemical Name		Species Scientific Name		Species Common Name		Species Group		Exposure Type		Chemical Analysis		Media Type		Test Location		Response Site		Response Site Description		Observed Duration Mean Op (Days)		Observed Duration Mean (Days)		Observed Duration Min Op (Days)		Observed Duration Min (Days)		Observed Duration Max Op (Days)		Observed Duration Max (Days)		Observed Duration Units (Days)		Endpoint		BCF 1 Value Op		BCF 1 Value		BCF 1 Min Op		BCF 1 Min		BCF 1 Max Op		BCF 1 Max		BCF 1 Unit		BCF 2 Value Op		BCF 2 Value		BCF 2 Min Op		BCF 2 Min		BCF 2 Max Op		BCF 2 Max		BCF 2 Unit		BCF 3 Value Op		BCF 3 Value		BCF 3 Min Op		BCF 3 Min		BCF 3 Max Op		BCF 3 Max		BCF 3 Unit		Trend		Effect Percent Mean Op		Effect Percent Mean		Effect Percent Min Op		Effect Percent Min		Effect Percent Max Op		Effect Percent Max		Effect		Effect Measurement		Conc 1 Type (Standardized)		Conc 1 Mean Op (Standardized)		Conc 1 Mean (Standardized)		Conc 1 Min Op (Standardized)		Conc Min 1 (Standardized)		Conc 1 Max Op (Standardized)		Conc 1 Max (Standardized)		Conc 1 Units (Standardized)		Conc 2 Type (Standardized)		Conc 2 Mean Op (Standardized)		Conc 2 Mean (Standardized)		Conc 2 Min Op (Standardized)		Conc Min 2 (Standardized)		Conc 2 Max Op (Standardized)		Conc 2 Max (Standardized)		Conc 2 Units (Standardized)		Conc 3 Type (Standardized)		Conc 3 Mean Op (Standardized)		Conc 3 Mean (Standardized)		Conc 3 Min Op (Standardized)		Conc Min 3 (Standardized)		Conc 3 Max Op (Standardized)		Conc 3 Max (Standardized)		Conc 3 Units (Standardized)		Application Rate		Application Rate Units		Statistical Significance		Significance Level Mean Op		Significance Level Mean		Significance Level Min Op		Significance Level Min		Significance Level Max Op		Significance Level Max		Reference Number		Author		Title		Source		Publication Year

		7722647		Potassium permanganate		Chilomonas paramecium		Cryptomonad		Algae, Moss, Fungi		S		U		FW		LAB		NR		Not Reported				0.0071				NR				NR		d		NR-LETH				NR				NR				NR		--																														NR				100				NR				NR		MOR		MORT		T				NR				3200				7500		ug/L																																						NA				NA				NA				NA		2863		Ruthven,J.A., and J.,Jr. Cairns		The Response of Fresh-Water Protozoan Artificial Communities to Metals		J.Protozool.20(1): 127-135		1973

		7722647		Potassium permanganate		Euglena gracilis		Flagellate Euglenoid		Algae, Moss, Fungi		S		U		FW		LAB		NR		Not Reported				0.0071				NR				NR		d		NR-LETH				NR				NR				NR		--																														NR				100				NR				NR		MOR		MORT		T				NR				10000				100000		ug/L																																						NA				NA				NA				NA		2863		Ruthven,J.A., and J.,Jr. Cairns		The Response of Fresh-Water Protozoan Artificial Communities to Metals		J.Protozool.20(1): 127-135		1973

		7722647		Potassium permanganate		Peranema trichophorum		Flagellate		Algae, Moss, Fungi		S		U		FW		LAB		NR		Not Reported				0.0071				NR				NR		d		NR-LETH				NR				NR				NR		--																														NR				100				NR				NR		MOR		MORT		T		>		32000				NR				NR		ug/L																																						NA				NA				NA				NA		2863		Ruthven,J.A., and J.,Jr. Cairns		The Response of Fresh-Water Protozoan Artificial Communities to Metals		J.Protozool.20(1): 127-135		1973

		7722647		Potassium permanganate		Microcystis sp.		Blue-Green Algae		Algae, Moss, Fungi		NR		U		FW		LAB		NR		Not Reported				3				NR				NR		d		NR				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				NR				1000				4000		ug/L																																						NR				NR				NR				NR		17361		Balagangadharan,B.R., K.M. Shankar, and T.J. Varghese		Use of Potassium Permanganate for Controlling Microcystis Bloom in Fish Ponds		In: M.Mohan Joseph (Ed.), Proceedings of the First Indian Fisheries Forum, Asian Fisheries Society, Indian Branch, Mangalore:35-37		1980

		7722647		Potassium permanganate		Daphnia sp.		Water Flea		Crustaceans		S		U		FW		LAB		NR		Not Reported				0.0833				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				540				NR				NR		ug/L																																						NA				NA				NA				NA		7573		Sreekala,K.G., J. Jennita, and V.R. Prakasam		Tolerance and Heart Rate of Daphnia sp. (Crustacean) in Response to Disinfectants, Bleaching Powder and Potassium Permanganate		Pollut. Res.10(1): 33-36		1991

		7722647		Potassium permanganate		Diaptomus forbesi		Calanoid Copepod		Crustaceans		NR		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				220				180				260		ug/L																																						NA				NA				NA				NA		20731		Das,B.K., and A. Kaviraj		Individual and Interactive Lethal Toxicity of Cadmium, Potassium Permanganate and Cobalt Chloride to Fish, Worm and Plankton		Geobios21(4): 223-227		1994

		7722647		Potassium permanganate		Macrobrachium rosenbergii		Giant River Prawn		Crustaceans		NR		NR		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		F				1140				590				2200		ug/L																																						NA				NA				NA				NA		17681		Liao,I.C., and J.J. Guo		Studies on the Tolerance of Postlarvae of Penaeus monodon, P. japonicus, P. semisulcatus, P. penicillatus, Metapenaeus ensis and Macrobrachium rosenbergii to Copper Sulfate, Potassium Permanganate and Malachite Green		COA (Counc. Agric.) Fish. Ser.24:90-94		1990

		7722647		Potassium permanganate		Thermocyclops oblongatus		Copepod		Crustaceans		S		U		FW		LAB		NR		Not Reported				0.0417				NR				NR		d		LC50														--																														INC				NR				NR				NR		MOR		MORT		T				2820				NR				NR		ug/L																																						NA				NA				NA				NA		98660		Chippaux,J.P., K.P. Yovo, Y. Soakoude, and M. Akogbeto		Efficacy of Selected Compounds on Thermocyclops oblongatus, One of the Main Intermediate Hosts of Guinea Worm in Africa		Acta Hydrochim. Hydrobiol.24(6): 283-285		1996

		7722647		Potassium permanganate		Thermocyclops oblongatus		Copepod		Crustaceans		S		U		FW		LAB		NR		Not Reported				0.0417				NR				NR		d		LC90														--																														INC				NR				NR				NR		MOR		MORT		T				6040				NR				NR		ug/L																																						NA				NA				NA				NA		98660		Chippaux,J.P., K.P. Yovo, Y. Soakoude, and M. Akogbeto		Efficacy of Selected Compounds on Thermocyclops oblongatus, One of the Main Intermediate Hosts of Guinea Worm in Africa		Acta Hydrochim. Hydrobiol.24(6): 283-285		1996

		7722647		Potassium permanganate		Thermocyclops oblongatus		Copepod		Crustaceans		S		U		FW		LAB		NR		Not Reported				0.0417				NR				NR		d		LC99														--																														INC				NR				NR				NR		MOR		MORT		T				11460				NR				NR		ug/L																																						NA				NA				NA				NA		98660		Chippaux,J.P., K.P. Yovo, Y. Soakoude, and M. Akogbeto		Efficacy of Selected Compounds on Thermocyclops oblongatus, One of the Main Intermediate Hosts of Guinea Worm in Africa		Acta Hydrochim. Hydrobiol.24(6): 283-285		1996

		7722647		Potassium permanganate		Argulus coregoni		Fish Louse		Crustaceans		S		U		FW		LAB		NR		Not Reported		<=		0.6667				NR				NR		d		LOEC														--																														INC				NR		~		0		~		100		MOR		MORT		T				9000				NR				NR		ug/L																																						ASIG		<		0.001				NR				NR		164116		Hakalahti-Siren,T., V.N. Mikheev, and E.T. Valtonen		Control of Freshwater Fish Louse Argulus coregoni: a Step Towards an Integrated Management Strategy		Dis. Aquat. Org.82:67-77		2008

		7722647		Potassium permanganate		Argulus coregoni		Fish Louse		Crustaceans		S		U		FW		LAB		NR		Not Reported		<=		0.6667				NR				NR		d		LOEC														--																														INC				NR		~		0		~		100		MOR		MORT		T				9000				NR				NR		ug/L																																						ASIG		<		0.001				NR				NR		164116		Hakalahti-Siren,T., V.N. Mikheev, and E.T. Valtonen		Control of Freshwater Fish Louse Argulus coregoni: a Step Towards an Integrated Management Strategy		Dis. Aquat. Org.82:67-77		2008

		7722647		Potassium permanganate		Argulus coregoni		Fish Louse		Crustaceans		S		U		FW		LAB		NR		Not Reported		<=		0.6667				NR				NR		d		LOEC														--																														INC				NR		~		0		~		100		MOR		MORT		T				9000				NR				NR		ug/L																																						ASIG		<		0.001				NR				NR		164116		Hakalahti-Siren,T., V.N. Mikheev, and E.T. Valtonen		Control of Freshwater Fish Louse Argulus coregoni: a Step Towards an Integrated Management Strategy		Dis. Aquat. Org.82:67-77		2008

		7722647		Potassium permanganate		Argulus coregoni		Fish Louse		Crustaceans		R		U		FW		LAB		NR		Not Reported				9				NR				NR		d		NOEC														--																														DEC				NR				NR				NR		MOR		HTCH		T				1000000				NR				NR		ug/L																																						ANOSIG		>		0.05				NR				NR		164116		Hakalahti-Siren,T., V.N. Mikheev, and E.T. Valtonen		Control of Freshwater Fish Louse Argulus coregoni: a Step Towards an Integrated Management Strategy		Dis. Aquat. Org.82:67-77		2008

		7722647		Potassium permanganate		Argulus coregoni		Fish Louse		Crustaceans		S		U		FW		LAB		NR		Not Reported		<=		0.6667				NR				NR		d		NR-LETH														--																														INC				100				NR				NR		MOR		MORT		T				9000				NR				NR		ug/L																																						NA				NA				NA				NA		164116		Hakalahti-Siren,T., V.N. Mikheev, and E.T. Valtonen		Control of Freshwater Fish Louse Argulus coregoni: a Step Towards an Integrated Management Strategy		Dis. Aquat. Org.82:67-77		2008

		7722647		Potassium permanganate		Macrobrachium rosenbergii		Giant River Prawn		Crustaceans		NR		NR		FW		LAB		NR		Not Reported				1				NR				NR		d		NR-LETH				NR				NR				NR		--																														INC				100				NR				NR		MOR		MORT		F				14020				NR				NR		ug/L																																						NA				NA				NA				NA		17681		Liao,I.C., and J.J. Guo		Studies on the Tolerance of Postlarvae of Penaeus monodon, P. japonicus, P. semisulcatus, P. penicillatus, Metapenaeus ensis and Macrobrachium rosenbergii to Copper Sulfate, Potassium Permanganate and Malachite Green		COA (Counc. Agric.) Fish. Ser.24:90-94		1990

		7722647		Potassium permanganate		Macrobrachium rosenbergii		Giant River Prawn		Crustaceans		NR		NR		FW		LAB		NR		Not Reported				1				NR				NR		d		NR-ZERO				NR				NR				NR		--																														NEF				0				NR				NR		MOR		MORT		F				2000				NR				NR		ug/L																																						NR				NR				NR				NR		17681		Liao,I.C., and J.J. Guo		Studies on the Tolerance of Postlarvae of Penaeus monodon, P. japonicus, P. semisulcatus, P. penicillatus, Metapenaeus ensis and Macrobrachium rosenbergii to Copper Sulfate, Potassium Permanganate and Malachite Green		COA (Counc. Agric.) Fish. Ser.24:90-94		1990

		7722647		Potassium permanganate		Alitropus sp.		Isopod		Crustaceans		NR		U		FW		LAB		NR		Not Reported				NR				0.3542				0.8542		d		NR				NR				NR				NR		--																														INC				NR				25				100		MOR		MORT		T				NR				5000				10000		ug/L																																						NR				NR				NR				NR		242		Mohan,C.V., N. Ramaiah, and S.L. Shanbhogue		Effects of Some Therapeutics on Fish Ectoparasites		Environ. Ecol.4(1): 98-100		1986

		7722647		Potassium permanganate		Argulus coregoni		Fish Louse		Crustaceans		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		NR														--																														CHG				NR		~		0		~		100		MOR		SURV		T				NR				100				10000		ug/L																																						MULT		<		0.05				NR				NR		164116		Hakalahti-Siren,T., V.N. Mikheev, and E.T. Valtonen		Control of Freshwater Fish Louse Argulus coregoni: a Step Towards an Integrated Management Strategy		Dis. Aquat. Org.82:67-77		2008

		7722647		Potassium permanganate		Argulus sp.		Fish Louse		Crustaceans		NR		U		FW		LAB		NR		Not Reported				NR				0.0208				0.2292		d		NR				NR				NR				NR		--																														INC				NR				0				100		MOR		MORT		T				NR				5000				15000		ug/L																																						NR				NR				NR				NR		242		Mohan,C.V., N. Ramaiah, and S.L. Shanbhogue		Effects of Some Therapeutics on Fish Ectoparasites		Environ. Ecol.4(1): 98-100		1986

		7722647		Potassium permanganate		Streptocephalus seali		Fairy Shrimp		Crustaceans		S		U		FW		LAB		NR		Not Reported				NR				0.2083				1		d		NR				NR				NR				NR		--																														NR				100				NR				NR		MOR		MORT		T				NR				500				4000		ug/L																																						NR				NR				NR				NR		6248		Moss,J.L.		Toxicity of Selected Chemicals to the Fairy Shrimp, Streptocephalus seali, Under Laboratory and Field Conditions		Prog. Fish-Cult.40(4): 158-160		1978

		7722647		Potassium permanganate		Daphnia magna		Water Flea		Crustaceans; Standard Test Species		S		U		FW		LAB		NR		Not Reported				2				NR				NR		d		NR				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				3500*				NR				NR		ug/L																																						NR				NR				NR				NR		2741		Pawlaczyk-Szpilowa,M., M. Moskal, and J. Weretelnik		The Usefulness of Biological Tests for Determining the Toxicity of Some Chemical Compounds in Water (Przydatnosc Testow Biologicznych D Okreslenia Toksycznosci Niektorych Zwiazkow Chemicznych w Wodach)		Acta Hydrobiol.14(2): 115-127		1972

		7722647		Potassium permanganate		Orconectes rusticus		Crayfish		Crustaceans; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		NR-LETH				NR				NR				NR		--																														INC				100				NR				NR		MOR		MORT		F				10000				NR				NR		ug/L																																						NA				NA				NA				NA		7603		Bills,T.D., and L.L. Marking		Control of Nuisance Populations of Crayfish with Traps and Toxicants		Prog. Fish-Cult.50:103-106		1988

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC0				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				100				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC0				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				4000				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				2				NR				NR		d		LC0				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				100				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				2				NR				NR		d		LC0				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3000				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				3				NR				NR		d		LC0				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				100				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				3				NR				NR		d		LC0				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3000				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC0				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				100				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC0				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3000				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC100				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2000				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC100				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				6000				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				2				NR				NR		d		LC100				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2000				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				2				NR				NR		d		LC100				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				5000				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				3				NR				NR		d		LC100				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2000				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				3				NR				NR		d		LC100				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				5000				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC100				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2000				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC100				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				5000				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Ameiurus melas		Black Bullhead		Fish		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				11200				9210				13600		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ameiurus melas		Black Bullhead		Fish		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				4000				3480				4590		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ameiurus melas		Black Bullhead		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2390				1970				2890		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Anguilla rostrata		American Eel		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				7520*				6320*				9770*		ug/L																																						NA				NA				NA				NA		456		Hinton,M.J., and A.G. Eversole		Toxicity and Tolerance Studies with Yellow-Phase Eels: Five Chemicals		Prog. Fish-Cult.42(4): 201-203		1980

		7722647		Potassium permanganate		Anguilla rostrata		American Eel		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50														--																														INC				NR				NR				NR		MOR		MORT		T				3060				2480				4380		ug/L																																						NA				NA				NA				NA		593		Hinton,M.J., and A.G. Eversole		Toxicity of Ten Commonly Used Chemicals to American Eels		Proc. Annu. Conf. Southeast. Assoc. Fish Wildl. Agencies32:599-604		1978

		7722647		Potassium permanganate		Anguilla rostrata		American Eel		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50														--																														INC				NR				NR				NR		MOR		MORT		T				4860				4360				7900		ug/L																																						NA				NA				NA				NA		592		Hinton,M.J., and A.G. Eversole		Toxicity of Ten Chemicals Commonly Used in Aquaculture to the Black Eel Stage of the American Eel		Proc World Maricul Soc10:554-560		1979

		7722647		Potassium permanganate		Barbus gonionotus		Silver Barb		Fish		NR		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2590				NR				NR		ug/L																																						NA				NA				NA				NA		17726		Kanchanaburangkul,M.		Effects of Potassium Permanganate on Some Aquatic Organisms and Water Quality		Abstracts of Master of Science Theses, Faculty of Fisheries, Kasetsart University, Bangkok, Thailand13:4-5		1988

		7722647		Potassium permanganate		Channa striata		Snake-Head Catfish		Fish		NR		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2500				NR				NR		ug/L																																						NA				NA				NA				NA		17726		Kanchanaburangkul,M.		Effects of Potassium Permanganate on Some Aquatic Organisms and Water Quality		Abstracts of Master of Science Theses, Faculty of Fisheries, Kasetsart University, Bangkok, Thailand13:4-5		1988

		7722647		Potassium permanganate		Heteropneustes fossilis		Indian Catfish		Fish		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				16000				15020				17050		ug/L																																						NA				NA				NA				NA		20731		Das,B.K., and A. Kaviraj		Individual and Interactive Lethal Toxicity of Cadmium, Potassium Permanganate and Cobalt Chloride to Fish, Worm and Plankton		Geobios21(4): 223-227		1994

		7722647		Potassium permanganate		Lepomis cyanellus		Green Sunfish		Fish		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				21100				17100				26100		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Lepomis cyanellus		Green Sunfish		Fish		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				7000				6340				7730		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Lepomis cyanellus		Green Sunfish		Fish		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3140				2760				3570		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Lepomis cyanellus		Green Sunfish		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2450				2160				2770		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Lepomis cyanellus		Green Sunfish		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				1410				1140				1740		ug/L																																						NA				NA				NA				NA		7853		Marking,L.L., and T.D. Bills		Toxicity of Rotenone to Fish in Standardized Laboratory Tests		Invest.Fish Control No.72, Fish Wildl.Serv., Bur.Sport Fish.Wildl., U.S.D.I., Washington, D.C.:11 p.		1976

		7722647		Potassium permanganate		Lepomis cyanellus		Green Sunfish		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				3030				2690				3410		ug/L																																						NA				NA				NA				NA		7853		Marking,L.L., and T.D. Bills		Toxicity of Rotenone to Fish in Standardized Laboratory Tests		Invest.Fish Control No.72, Fish Wildl.Serv., Bur.Sport Fish.Wildl., U.S.D.I., Washington, D.C.:11 p.		1976

		7722647		Potassium permanganate		Lepomis cyanellus		Green Sunfish		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				3080				2320				4080		ug/L																																						NA				NA				NA				NA		7853		Marking,L.L., and T.D. Bills		Toxicity of Rotenone to Fish in Standardized Laboratory Tests		Invest.Fish Control No.72, Fish Wildl.Serv., Bur.Sport Fish.Wildl., U.S.D.I., Washington, D.C.:11 p.		1976

		7722647		Potassium permanganate		Lepomis cyanellus		Green Sunfish		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				3470				3120				3870		ug/L																																						NA				NA				NA				NA		7853		Marking,L.L., and T.D. Bills		Toxicity of Rotenone to Fish in Standardized Laboratory Tests		Invest.Fish Control No.72, Fish Wildl.Serv., Bur.Sport Fish.Wildl., U.S.D.I., Washington, D.C.:11 p.		1976

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		NR		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1020				536				1511		ug/L																																						NA				NA				NA				NA		16281		Reardon,I.S., and R.M. Harrell		Effects of Varying Salinities on the Toxicity of Potassium Permanganate to Larval and Juvenile Striped Bass, Morone saxatilis (Walbaum)		Aquac. Fish. Manag.25(6): 571-578		1994

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		NR		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2110				1623				2600		ug/L																																						NA				NA				NA				NA		16281		Reardon,I.S., and R.M. Harrell		Effects of Varying Salinities on the Toxicity of Potassium Permanganate to Larval and Juvenile Striped Bass, Morone saxatilis (Walbaum)		Aquac. Fish. Manag.25(6): 571-578		1994

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		NR		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				960				741				1186		ug/L																																						NA				NA				NA				NA		16281		Reardon,I.S., and R.M. Harrell		Effects of Varying Salinities on the Toxicity of Potassium Permanganate to Larval and Juvenile Striped Bass, Morone saxatilis (Walbaum)		Aquac. Fish. Manag.25(6): 571-578		1994

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				0.0417				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		F		>		60000				NR				NR		ug/L																																						NR				NR				NR				NR		2468		Bills,T.D., L.L. Marking, and G.E. Howe		Sensitivity of Juvenile Striped Bass to Chemicals Used in Aquaculture		Resour.Publ.192, Fish Wildl.Serv., U.S.D.I., Washington, DC:11 p.		1993

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		F				2820				2270				3490		ug/L																																						NR				NR				NR				NR		2468		Bills,T.D., L.L. Marking, and G.E. Howe		Sensitivity of Juvenile Striped Bass to Chemicals Used in Aquaculture		Resour.Publ.192, Fish Wildl.Serv., U.S.D.I., Washington, DC:11 p.		1993

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		F				9200				7410				11400		ug/L																																						NR				NR				NR				NR		2468		Bills,T.D., L.L. Marking, and G.E. Howe		Sensitivity of Juvenile Striped Bass to Chemicals Used in Aquaculture		Resour.Publ.192, Fish Wildl.Serv., U.S.D.I., Washington, DC:11 p.		1993

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		F				3520				2840				4360		ug/L																																						NR				NR				NR				NR		2468		Bills,T.D., L.L. Marking, and G.E. Howe		Sensitivity of Juvenile Striped Bass to Chemicals Used in Aquaculture		Resour.Publ.192, Fish Wildl.Serv., U.S.D.I., Washington, DC:11 p.		1993

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				1740*				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				522*				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				2				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				1390*				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				2				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				348*				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				3				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				1390*				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				3				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				348*				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		F				1580				1190				2100		ug/L																																						NR				NR				NR				NR		2468		Bills,T.D., L.L. Marking, and G.E. Howe		Sensitivity of Juvenile Striped Bass to Chemicals Used in Aquaculture		Resour.Publ.192, Fish Wildl.Serv., U.S.D.I., Washington, DC:11 p.		1993

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				1390*				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				2500				2100				2900		ug/L																																						NA				NA				NA				NA		909		Wellborn,T.L.,Jr.		The Toxicity of Nine Therapeutic and Herbicidal Compounds to Striped Bass		Prog. Fish-Cult.31(1): 27-32		1969

		7722647		Potassium permanganate		Morone saxatilis		Striped Bass		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				348*				NR				NR		ug/L																																						NA				NA				NA				NA		2012		Hughes,J.S.		Acute Toxicity of Thirty Chemicals to Striped Bass (Morone saxatilis)		Presented at the Western Association of State Game and Fish Commissioners, Salt Lake Cite, Utah, La.Dep.Wildl.Fish.318-343-2417:15 p.		1973

		7722647		Potassium permanganate		Notemigonus crysoleucas		Golden Shiner		Fish		S		U		FW		LAB		NR		Not Reported				0.0417				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				76000				48200				120000		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Notemigonus crysoleucas		Golden Shiner		Fish		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				17400				14900				20300		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Notemigonus crysoleucas		Golden Shiner		Fish		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				9700				8590				11000		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Notemigonus crysoleucas		Golden Shiner		Fish		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3600				3160				4100		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Notemigonus crysoleucas		Golden Shiner		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3140				2750				3580		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oreochromis niloticus		Nile Tilapia		Fish		NR		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3890				NR				NR		ug/L																																						NA				NA				NA				NA		17726		Kanchanaburangkul,M.		Effects of Potassium Permanganate on Some Aquatic Organisms and Water Quality		Abstracts of Master of Science Theses, Faculty of Fisheries, Kasetsart University, Bangkok, Thailand13:4-5		1988

		7722647		Potassium permanganate		Oreochromis niloticus		Nile Tilapia		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				1000*				NR				NR		ug/L																																						NA				NA				NA				NA		2861		Dureza,L.A.		Toxicity and Lesions in the Gills of Tilapia nilotica Fry and Fingerlings Exposed to Formalin, Furanace, Potassium Permanganate and Malachite Green		Ph.D.Thesis, Auburn University, Auburn, AL:79 p.		1989

		7722647		Potassium permanganate		Oreochromis niloticus		Nile Tilapia		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				1100*				NR				NR		ug/L																																						NA				NA				NA				NA		2861		Dureza,L.A.		Toxicity and Lesions in the Gills of Tilapia nilotica Fry and Fingerlings Exposed to Formalin, Furanace, Potassium Permanganate and Malachite Green		Ph.D.Thesis, Auburn University, Auburn, AL:79 p.		1989

		7722647		Potassium permanganate		Perca flavescens		Yellow Perch		Fish		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				31500				25300				39300		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Perca flavescens		Yellow Perch		Fish		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				10800				9540				12200		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Perca flavescens		Yellow Perch		Fish		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3700				3390				4040		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Perca flavescens		Yellow Perch		Fish		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2830				2500				3200		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Morone saxatilis ssp. x chrysops		Sunshine Bass		Fish		P		U		FW		LAB		NR		Not Reported				2				NR				NR		d		LOEC				NR				NR				NR		--																														INC				92.4				NR				NR		MOR		SURV		T				3000				NR				NR		ug/L																																						SIG		<		0.05				NR				NR		116562		Mitchell,A.J., A. Darwish, and A. Fuller		Comparison of Tank Treatments with Copper Sulfate and Potassium Permanganate for Sunshine Bass with Ichthyobodosis		J. Aquat. Anim. Health20(4): 202-206		2008

		7722647		Potassium permanganate		Morone saxatilis ssp. x chrysops		Sunshine Bass		Fish		P		U		FW		LAB		NR		Not Reported				5				NR				NR		d		LOEC				NR				NR				NR		--																														INC				37.5				NR				NR		MOR		SURV		T				3000				NR				NR		ug/L																																						SIG		<		0.05				NR				NR		116562		Mitchell,A.J., A. Darwish, and A. Fuller		Comparison of Tank Treatments with Copper Sulfate and Potassium Permanganate for Sunshine Bass with Ichthyobodosis		J. Aquat. Anim. Health20(4): 202-206		2008

		7722647		Potassium permanganate		Anguilla anguilla		Common Eel		Fish		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		NR-LETH														--																														INC				100				NR				NR		MOR		MORT		T				25000				NR				NR		ug/L																																						NA				NA				NA				NA		109479		Madsen,H.C.K., K. Buchmann, and S. Mellergaard		Treatment of Trichodiniasis in Eel (Anguilla anguilla) Reared in Recirculation Systems in Denmark: Alternatives to Formaldehyde		Aquaculture186(3/4): 221-231		2000

		7722647		Potassium permanganate		Anguilla anguilla		Common Eel		Fish		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		NR-ZERO														--																														NEF				0				NR				NR		MOR		MORT		T				20000				NR				NR		ug/L																																						NA				NA				NA				NA		109479		Madsen,H.C.K., K. Buchmann, and S. Mellergaard		Treatment of Trichodiniasis in Eel (Anguilla anguilla) Reared in Recirculation Systems in Denmark: Alternatives to Formaldehyde		Aquaculture186(3/4): 221-231		2000

		7722647		Potassium permanganate		Morone saxatilis ssp. x chrysops		Sunshine Bass		Fish		P		U		FW		LAB		NR		Not Reported				NR				1				23		d		NR				NR				NR				NR		--																														INC				NR		>		1		<		50		MOR		MORT		T				3000				NR				NR		ug/L																																						NR				NR				NR				NR		116562		Mitchell,A.J., A. Darwish, and A. Fuller		Comparison of Tank Treatments with Copper Sulfate and Potassium Permanganate for Sunshine Bass with Ichthyobodosis		J. Aquat. Anim. Health20(4): 202-206		2008

		7722647		Potassium permanganate		Oreochromis niloticus		Nile Tilapia		Fish		NR		U		FW		LAB		NR		Not Reported				84				NR				NR		d		NR				NR				NR				NR		--																														CHG				NR				NR				NR		GRO		GGRO		T				NR				1000				3000		ug/L																																						NOSIG		<		0.05				NR				NR		17726		Kanchanaburangkul,M.		Effects of Potassium Permanganate on Some Aquatic Organisms and Water Quality		Abstracts of Master of Science Theses, Faculty of Fisheries, Kasetsart University, Bangkok, Thailand13:4-5		1988

		7722647		Potassium permanganate		Catostomus commersoni		White Sucker		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				9600				8390				11000		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Catostomus commersoni		White Sucker		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				6730				6180				7330		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Catostomus commersoni		White Sucker		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2620				2340				2930		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Catostomus commersoni		White Sucker		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2380				2050				2760		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.0417				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				27200				NR				NR		ug/L																																						NA				NA				NA				NA		934		Clemens,H.P., and K.E. Sneed		Lethal Doses of Several Commercial Chemicals for Fingerling Channel Catfish		U.S.Fish.Wildl.Serv., Spec.Sci.Rep.- Fish No.316, Washington, DC:10 p.		1959

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.0833				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				8800				NR				NR		ug/L																																						NA				NA				NA				NA		934		Clemens,H.P., and K.E. Sneed		Lethal Doses of Several Commercial Chemicals for Fingerling Channel Catfish		U.S.Fish.Wildl.Serv., Spec.Sci.Rep.- Fish No.316, Washington, DC:10 p.		1959

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				10900				9240				12900		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				11500				9030				14700		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				11700				10000				13600		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				7150				6350				8050		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				8950				7670				10400		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.1667				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				5200				NR				NR		ug/L																																						NA				NA				NA				NA		934		Clemens,H.P., and K.E. Sneed		Lethal Doses of Several Commercial Chemicals for Fingerling Channel Catfish		U.S.Fish.Wildl.Serv., Spec.Sci.Rep.- Fish No.316, Washington, DC:10 p.		1959

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				10900				9670				12300		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3640				3080				4300		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3890				3190				4750		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				4500				3920				5170		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				4690				3980				5520		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				4900				4330				5550		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				6350				5330				7570		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				6980				6400				7620		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				6980				6400				7620		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				7000				6400				7660		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1180				1010				1370		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1410				1140				1740		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1740				1370				2200		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1740				1370				2200		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2290				1820				2890		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2790				2060				3770		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2840				2290				3510		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				870				779				972		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				885				793				988		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				972				807				1170		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T		<		3200				NR				NR		ug/L																																						NA				NA				NA				NA		934		Clemens,H.P., and K.E. Sneed		Lethal Doses of Several Commercial Chemicals for Fingerling Channel Catfish		U.S.Fish.Wildl.Serv., Spec.Sci.Rep.- Fish No.316, Washington, DC:10 p.		1959

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				2				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1590				1290				1950		ug/L																																						NR				NR				NR				NR		4175		Waller,D.L., J.J. Rach, W.G. Cope, L.L. Marking, S.W. Fisher, and H. Dabrowska		Toxicity of Candidate Molluscicides to Zebra Mussels (Dreissena polymorpha) and Selected Nontarget Organisms		J. Great Lakes Res.19(4): 695-702		1993

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1000				825				1210		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1430				1160				1770		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1430				1160				1770		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				354				286				438		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				357				287				445		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				464				375				574		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				619				547				701		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				620				543				707		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				750				667				843		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				750				667				843		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				NR				1600*				6100*		ug/L																																						NA				NA				NA				NA		12444		Tucker,C.S.		Acute Toxicity of Potassium Permanganate to Channel Catfish Fingerlings		Aquaculture60(2): 93-98		1987

		7722647		Potassium permanganate		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		F		NC		FW		LAB		NC		Not Coded				4				NR				NR		d		LC50				NR				NR				NR		--																														NC				NC				NC				NC		MOR		MORT		NC				2300				NR				NR		ug/L																																						NA				NA				NA				NA		344		U.S. Environmental Protection Agency, and Office of Pesticide Programs		Pesticide Ecotoxicity Database (Formerly: Environmental Effects Database (EEDB))		Environmental Fate and Effects Division, U.S.EPA, Washington, D.C.:		2013

		7722647		Potassium permanganate		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		S		NC		FW		LAB		NC		Not Coded				4				NR				NR		d		LC50				NR				NR				NR		--																														NC				NC				NC				NC		MOR		MORT		NC				2700				NR				NR		ug/L																																						NA				NA				NA				NA		344		U.S. Environmental Protection Agency, and Office of Pesticide Programs		Pesticide Ecotoxicity Database (Formerly: Environmental Effects Database (EEDB))		Environmental Fate and Effects Division, U.S.EPA, Washington, D.C.:		2013

		7722647		Potassium permanganate		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		S		NC		FW		LAB		NC		Not Coded				4				NR				NR		d		LC50				NR				NR				NR		--																														NC				NC				NC				NC		MOR		MORT		NC				3600				1800				5600		ug/L																																						NA				NA				NA				NA		344		U.S. Environmental Protection Agency, and Office of Pesticide Programs		Pesticide Ecotoxicity Database (Formerly: Environmental Effects Database (EEDB))		Environmental Fate and Effects Division, U.S.EPA, Washington, D.C.:		2013

		7722647		Potassium permanganate		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.0417				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				46000				2670				79400		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				19000				15800				22800		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				7350				6560				8240		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2450				2160				2770		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				4100				NR				NR		ug/L																																						NA				NA				NA				NA		922		Turnbull,H., J.G. Demann, and R.F. Weston		Toxicity of Various Refinery Materials to Fresh Water Fish		J. Ind. Eng. Chem.46(2): 324-333		1954

		7722647		Potassium permanganate		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				2				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				3900				NR				NR		ug/L																																						NA				NA				NA				NA		922		Turnbull,H., J.G. Demann, and R.F. Weston		Toxicity of Various Refinery Materials to Fresh Water Fish		J. Ind. Eng. Chem.46(2): 324-333		1954

		7722647		Potassium permanganate		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2380				2050				2760		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		R		U		FW		LAB		WO		Whole Organism		>		0				NR				NR		d		NOEC														--																														INC				NR				NR				NR		GRO		COND		T				1000				NR				NR		ug/L																																						ANOSIG		<		0.05				NR				NR		165160		Sanchez-Martinez,J.G., R. Perez-Castaneda, J.L. Rabago-Castro, G. Aguirre-Guzman, and M.L. Vazquez-Sauceda		A Preliminary Study on the Effects on Growth, Condition, and Feeding Indexes in Channel Catfish, Ictalurus punctatus, After the Prophylactic Use of Potassium Permanganate and Oxytetracycline		J. World Aquacult. Soc.39(5): 664-670		2008

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		R		U		FW		LAB		WO		Whole Organism				28				NR				NR		d		NOEC														--																														DEC				NR				NR				NR		GRO		COND		T				1000				NR				NR		ug/L																																						ANOSIG		<		0.05				NR				NR		165160		Sanchez-Martinez,J.G., R. Perez-Castaneda, J.L. Rabago-Castro, G. Aguirre-Guzman, and M.L. Vazquez-Sauceda		A Preliminary Study on the Effects on Growth, Condition, and Feeding Indexes in Channel Catfish, Ictalurus punctatus, After the Prophylactic Use of Potassium Permanganate and Oxytetracycline		J. World Aquacult. Soc.39(5): 664-670		2008

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		R		U		FW		LAB		WO		Whole Organism				56				NR				NR		d		NOEC														--																														INC				NR				NR				NR		GRO		COND		T				1000				NR				NR		ug/L																																						ANOSIG		<		0.05				NR				NR		165160		Sanchez-Martinez,J.G., R. Perez-Castaneda, J.L. Rabago-Castro, G. Aguirre-Guzman, and M.L. Vazquez-Sauceda		A Preliminary Study on the Effects on Growth, Condition, and Feeding Indexes in Channel Catfish, Ictalurus punctatus, After the Prophylactic Use of Potassium Permanganate and Oxytetracycline		J. World Aquacult. Soc.39(5): 664-670		2008

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		R		U		FW		LAB		WO		Whole Organism				77				NR				NR		d		NOEC														--																														INC				NR				NR				NR		GRO		COND		T				1000				NR				NR		ug/L																																						ANOSIG		<		0.05				NR				NR		165160		Sanchez-Martinez,J.G., R. Perez-Castaneda, J.L. Rabago-Castro, G. Aguirre-Guzman, and M.L. Vazquez-Sauceda		A Preliminary Study on the Effects on Growth, Condition, and Feeding Indexes in Channel Catfish, Ictalurus punctatus, After the Prophylactic Use of Potassium Permanganate and Oxytetracycline		J. World Aquacult. Soc.39(5): 664-670		2008

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		R		U		FW		LAB		WO		Whole Organism				NR				0				28		d		NOEC														--																														DEC				NR				NR				NR		GRO		SPGR		T				1000				NR				NR		ug/L																																						ANOSIG				0.884				NR				NR		165160		Sanchez-Martinez,J.G., R. Perez-Castaneda, J.L. Rabago-Castro, G. Aguirre-Guzman, and M.L. Vazquez-Sauceda		A Preliminary Study on the Effects on Growth, Condition, and Feeding Indexes in Channel Catfish, Ictalurus punctatus, After the Prophylactic Use of Potassium Permanganate and Oxytetracycline		J. World Aquacult. Soc.39(5): 664-670		2008

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		R		U		FW		LAB		WO		Whole Organism				NR				0				77		d		NOEC														--																														DEC				NR				NR				NR		GRO		SPGR		T				1000				NR				NR		ug/L																																						ANOSIG				0.305				NR				NR		165160		Sanchez-Martinez,J.G., R. Perez-Castaneda, J.L. Rabago-Castro, G. Aguirre-Guzman, and M.L. Vazquez-Sauceda		A Preliminary Study on the Effects on Growth, Condition, and Feeding Indexes in Channel Catfish, Ictalurus punctatus, After the Prophylactic Use of Potassium Permanganate and Oxytetracycline		J. World Aquacult. Soc.39(5): 664-670		2008

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		R		U		FW		LAB		WO		Whole Organism				NR				28				56		d		NOEC														--																														DEC				NR				NR				NR		GRO		SPGR		T				1000				NR				NR		ug/L																																						ANOSIG				0.211				NR				NR		165160		Sanchez-Martinez,J.G., R. Perez-Castaneda, J.L. Rabago-Castro, G. Aguirre-Guzman, and M.L. Vazquez-Sauceda		A Preliminary Study on the Effects on Growth, Condition, and Feeding Indexes in Channel Catfish, Ictalurus punctatus, After the Prophylactic Use of Potassium Permanganate and Oxytetracycline		J. World Aquacult. Soc.39(5): 664-670		2008

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		R		U		FW		LAB		WO		Whole Organism				NR				56				77		d		NOEC														--																														DEC				NR				NR				NR		GRO		SPGR		T				1000				NR				NR		ug/L																																						ANOSIG				0.312				NR				NR		165160		Sanchez-Martinez,J.G., R. Perez-Castaneda, J.L. Rabago-Castro, G. Aguirre-Guzman, and M.L. Vazquez-Sauceda		A Preliminary Study on the Effects on Growth, Condition, and Feeding Indexes in Channel Catfish, Ictalurus punctatus, After the Prophylactic Use of Potassium Permanganate and Oxytetracycline		J. World Aquacult. Soc.39(5): 664-670		2008

		7722647		Potassium permanganate		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		S		NC		FW		LAB		NC		Not Coded				4				NR				NR		d		NOEL				NR				NR				NR		--																														NC				NC				NC				NC		MOR		MORT		NC				1800				NR				NR		ug/L																																						NOSIG				NA				NA				NA		344		U.S. Environmental Protection Agency, and Office of Pesticide Programs		Pesticide Ecotoxicity Database (Formerly: Environmental Effects Database (EEDB))		Environmental Fate and Effects Division, U.S.EPA, Washington, D.C.:		2013

		7722647		Potassium permanganate		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		NR-LETH				NR				NR				NR		--																														INC				100				NR				NR		MOR		MORT		F				2000				NR				NR		ug/L																																						NA				NA				NA				NA		7603		Bills,T.D., and L.L. Marking		Control of Nuisance Populations of Crayfish with Traps and Toxicants		Prog. Fish-Cult.50:103-106		1988

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		F		U		FW		LAB		NR		Not Reported				1.5				NR				NR		d		NR-ZERO				NR				NR				NR		--																														NEF				0				NR				NR		MOR		MORT		T				438				NR				NR		ug/L																																						NA				NA				NA				NA		93786		Darwish,A.M., B.R. Griffin, D.L. Straus, and A.J. Mitchell		Histological and Hematological Evaluation of Potassium Permanganate Exposure in Channel Catfish		J. Aquat. Anim. Health14(2): 134-144		2002

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		F		U		FW		LAB		NR		Not Reported				NR				0.5				1.5		d		NR				NR				NR				NR		--																														INC				NR				9.4				49.6		MOR		MORT		T				NR				1315				2190		ug/L																																						NR				NR				NR				NR		93786		Darwish,A.M., B.R. Griffin, D.L. Straus, and A.J. Mitchell		Histological and Hematological Evaluation of Potassium Permanganate Exposure in Channel Catfish		J. Aquat. Anim. Health14(2): 134-144		2002

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		R		U		FW		LAB		NR		Not Reported				77				NR				NR		d		NR														--																														DEC				98.6				NR				NR		MOR		SURV		T				1000				NR				NR		ug/L																																						NR				NR				NR				NR		165160		Sanchez-Martinez,J.G., R. Perez-Castaneda, J.L. Rabago-Castro, G. Aguirre-Guzman, and M.L. Vazquez-Sauceda		A Preliminary Study on the Effects on Growth, Condition, and Feeding Indexes in Channel Catfish, Ictalurus punctatus, After the Prophylactic Use of Potassium Permanganate and Oxytetracycline		J. World Aquacult. Soc.39(5): 664-670		2008

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		R		U		FW		LAB		WO		Whole Organism				NR				7				77		d		NR														--																														INC				NR				NR				NR		GRO		GGRO		T				1000				NR				NR		ug/L																																						MULT		<		0.05				NR				NR		165160		Sanchez-Martinez,J.G., R. Perez-Castaneda, J.L. Rabago-Castro, G. Aguirre-Guzman, and M.L. Vazquez-Sauceda		A Preliminary Study on the Effects on Growth, Condition, and Feeding Indexes in Channel Catfish, Ictalurus punctatus, After the Prophylactic Use of Potassium Permanganate and Oxytetracycline		J. World Aquacult. Soc.39(5): 664-670		2008

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				NR				0.125				4		d		NR				NR				NR				NR		--																														INC				61				NR				NR		MOR		MORT		T				NR				5000				50000		ug/L																																						NR				NR				NR				NR		8173		Phelps,R.P.		Toxicity and Efficacy of Five Chemotherapeutics Used in Aquaculture when Applied to Waters of Different Quality		Ph.D.Thesis, Auburn University, Auburn, AL:103 p.		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				NR				0.125				4		d		NR				NR				NR				NR		--																														INC				62				NR				NR		MOR		MORT		T				NR				5000				50000		ug/L																																						NR				NR				NR				NR		8173		Phelps,R.P.		Toxicity and Efficacy of Five Chemotherapeutics Used in Aquaculture when Applied to Waters of Different Quality		Ph.D.Thesis, Auburn University, Auburn, AL:103 p.		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				NR				0.125				4		d		NR				NR				NR				NR		--																														INC				65				NR				NR		MOR		MORT		T				NR				5000				50000		ug/L																																						NR				NR				NR				NR		8173		Phelps,R.P.		Toxicity and Efficacy of Five Chemotherapeutics Used in Aquaculture when Applied to Waters of Different Quality		Ph.D.Thesis, Auburn University, Auburn, AL:103 p.		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				NR				0.125				4		d		NR				NR				NR				NR		--																														INC				72				NR				NR		MOR		MORT		T				NR				5000				50000		ug/L																																						NR				NR				NR				NR		8173		Phelps,R.P.		Toxicity and Efficacy of Five Chemotherapeutics Used in Aquaculture when Applied to Waters of Different Quality		Ph.D.Thesis, Auburn University, Auburn, AL:103 p.		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				NR				0.125				4		d		NR				NR				NR				NR		--																														INC				72				NR				NR		MOR		MORT		T				NR				5000				50000		ug/L																																						NR				NR				NR				NR		8173		Phelps,R.P.		Toxicity and Efficacy of Five Chemotherapeutics Used in Aquaculture when Applied to Waters of Different Quality		Ph.D.Thesis, Auburn University, Auburn, AL:103 p.		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				NR				0.125				4		d		NR				NR				NR				NR		--																														INC				80				NR				NR		MOR		MORT		T				NR				5000				50000		ug/L																																						NR				NR				NR				NR		8173		Phelps,R.P.		Toxicity and Efficacy of Five Chemotherapeutics Used in Aquaculture when Applied to Waters of Different Quality		Ph.D.Thesis, Auburn University, Auburn, AL:103 p.		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				NR				0.125				4		d		NR				NR				NR				NR		--																														INC				80				NR				NR		MOR		MORT		T				NR				5000				50000		ug/L																																						NR				NR				NR				NR		8173		Phelps,R.P.		Toxicity and Efficacy of Five Chemotherapeutics Used in Aquaculture when Applied to Waters of Different Quality		Ph.D.Thesis, Auburn University, Auburn, AL:103 p.		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				NR				0.125				4		d		NR				NR				NR				NR		--																														INC				80				NR				NR		MOR		MORT		T				NR				5000				50000		ug/L																																						NR				NR				NR				NR		8173		Phelps,R.P.		Toxicity and Efficacy of Five Chemotherapeutics Used in Aquaculture when Applied to Waters of Different Quality		Ph.D.Thesis, Auburn University, Auburn, AL:103 p.		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				NR				0.125				4		d		NR				NR				NR				NR		--																														INC				80				NR				NR		MOR		MORT		T				NR				5000				50000		ug/L																																						NR				NR				NR				NR		8173		Phelps,R.P.		Toxicity and Efficacy of Five Chemotherapeutics Used in Aquaculture when Applied to Waters of Different Quality		Ph.D.Thesis, Auburn University, Auburn, AL:103 p.		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				NR				0.125				4		d		NR				NR				NR				NR		--																														INC				80				NR				NR		MOR		MORT		T				NR				5000				50000		ug/L																																						NR				NR				NR				NR		8173		Phelps,R.P.		Toxicity and Efficacy of Five Chemotherapeutics Used in Aquaculture when Applied to Waters of Different Quality		Ph.D.Thesis, Auburn University, Auburn, AL:103 p.		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				NR				0.125				4		d		NR				NR				NR				NR		--																														INC				80				NR				NR		MOR		MORT		T				NR				5000				50000		ug/L																																						NR				NR				NR				NR		8173		Phelps,R.P.		Toxicity and Efficacy of Five Chemotherapeutics Used in Aquaculture when Applied to Waters of Different Quality		Ph.D.Thesis, Auburn University, Auburn, AL:103 p.		1975

		7722647		Potassium permanganate		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		U		FW		LAB		NR		Not Reported				NR				0.125				4		d		NR				NR				NR				NR		--																														INC				80				NR				NR		MOR		MORT		T				NR				5000				50000		ug/L																																						NR				NR				NR				NR		8173		Phelps,R.P.		Toxicity and Efficacy of Five Chemotherapeutics Used in Aquaculture when Applied to Waters of Different Quality		Ph.D.Thesis, Auburn University, Auburn, AL:103 p.		1975

		7722647		Potassium permanganate		Cyprinus carpio		Common Carp		Fish; Standard Test Species; U.S. Exotic/Nuisance Species		NR		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3050				2970				3110		ug/L																																						NA				NA				NA				NA		20731		Das,B.K., and A. Kaviraj		Individual and Interactive Lethal Toxicity of Cadmium, Potassium Permanganate and Cobalt Chloride to Fish, Worm and Plankton		Geobios21(4): 223-227		1994

		7722647		Potassium permanganate		Cyprinus carpio		Common Carp		Fish; Standard Test Species; U.S. Exotic/Nuisance Species		NR		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3310				NR				NR		ug/L																																						NA				NA				NA				NA		17726		Kanchanaburangkul,M.		Effects of Potassium Permanganate on Some Aquatic Organisms and Water Quality		Abstracts of Master of Science Theses, Faculty of Fisheries, Kasetsart University, Bangkok, Thailand13:4-5		1988

		7722647		Potassium permanganate		Cyprinus carpio		Common Carp		Fish; Standard Test Species; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				12700				10300				15600		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Cyprinus carpio		Common Carp		Fish; Standard Test Species; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				7620				6460				8990		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Cyprinus carpio		Common Carp		Fish; Standard Test Species; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				4000				3430				4660		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Cyprinus carpio		Common Carp		Fish; Standard Test Species; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3450				3160				3770		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		NR		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				1220				1080				1380		ug/L																																						NA				NA				NA				NA		10212		Marking,L.L., and V.K. Dawson		Method for Assessment of Toxicity or Efficacy of Mixtures of Chemicals		Invest.Fish Control No.67, Fish Wildl.Serv., Bur.Sport Fish.Wildl., USDI, Washington, DC:8 p.		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		NC		FW		LAB		NC		Not Coded				4				NR				NR		d		LC50				NR				NR				NR		--																														NC				NC				NC				NC		MOR		MORT		NC		>		1380				NR				NR		ug/L																																						NA				NA				NA				NA		344		U.S. Environmental Protection Agency, and Office of Pesticide Programs		Pesticide Ecotoxicity Database (Formerly: Environmental Effects Database (EEDB))		Environmental Fate and Effects Division, U.S.EPA, Washington, D.C.:		2013

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.0417				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				34000				22200				52000		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				5500				4600				6580		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				5950				5350				6620		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				5950				5400				6550		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				7600				6280				9190		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				7790				6900				8800		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				8390				7520				9360		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				9000				7630				10600		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				9780				8130				11800		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3830				3100				4730		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3860				3310				4510		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3870				3310				4520		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3900				3320				4590		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				4690				4170				5270		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				5250				4490				6140		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				5600				4500				6970		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				5900				5300				6560		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				5900				5320				6540		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				5950				5370				6590		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1720				1070				2760		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1720				1230				2410		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1720				1230				2410		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1730				1230				2430		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1730				1230				2430		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1750				1240				2460		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1760				1250				2480		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2800				2260				3470		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3350				2730				4110		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3900				3820				4590		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				2				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1860				1610				2140		ug/L																																						NR				NR				NR				NR		4175		Waller,D.L., J.J. Rach, W.G. Cope, L.L. Marking, S.W. Fisher, and H. Dabrowska		Toxicity of Candidate Molluscicides to Zebra Mussels (Dreissena polymorpha) and Selected Nontarget Organisms		J. Great Lakes Res.19(4): 695-702		1993

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1190				1030				1380		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1220				1080				1380		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1330				1180				1490		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1380				1050				1820		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1380				1070				1790		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1550				1370				1750		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1720				1070				2760		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1720				1230				2410		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1720				1230				2430		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1730				1230				2430		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1750				1240				2460		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1800				1600				2030		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				879				792				975		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				990				769				1270		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Oncorhynchus kisutch		Silver Salmon		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LD02				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				20000				NR				NR		ug/L																																						NA				NA				NA				NA		107284		Taylor,P.W., and R.A. Glenn		Toxicity of Five Therapeutic Compounds on Juvenile Salmonids		N. Am. J. Aquacult.70(2): 175-183		2008

		7722647		Potassium permanganate		Oncorhynchus kisutch		Silver Salmon		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LD02				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				4000				NR				NR		ug/L																																						NA				NA				NA				NA		107284		Taylor,P.W., and R.A. Glenn		Toxicity of Five Therapeutic Compounds on Juvenile Salmonids		N. Am. J. Aquacult.70(2): 175-183		2008

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LD02				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				11000				NR				NR		ug/L																																						NA				NA				NA				NA		107284		Taylor,P.W., and R.A. Glenn		Toxicity of Five Therapeutic Compounds on Juvenile Salmonids		N. Am. J. Aquacult.70(2): 175-183		2008

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LD02				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				5000				NR				NR		ug/L																																						NA				NA				NA				NA		107284		Taylor,P.W., and R.A. Glenn		Toxicity of Five Therapeutic Compounds on Juvenile Salmonids		N. Am. J. Aquacult.70(2): 175-183		2008

		7722647		Potassium permanganate		Oncorhynchus tshawytscha		Chinook Salmon		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LD02				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				15000				NR				NR		ug/L																																						NA				NA				NA				NA		107284		Taylor,P.W., and R.A. Glenn		Toxicity of Five Therapeutic Compounds on Juvenile Salmonids		N. Am. J. Aquacult.70(2): 175-183		2008

		7722647		Potassium permanganate		Oncorhynchus tshawytscha		Chinook Salmon		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LD02				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				20000				NR				NR		ug/L																																						NA				NA				NA				NA		107284		Taylor,P.W., and R.A. Glenn		Toxicity of Five Therapeutic Compounds on Juvenile Salmonids		N. Am. J. Aquacult.70(2): 175-183		2008

		7722647		Potassium permanganate		Oncorhynchus kisutch		Silver Salmon		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LD50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				10000				NR				NR		ug/L																																						NA				NA				NA				NA		107284		Taylor,P.W., and R.A. Glenn		Toxicity of Five Therapeutic Compounds on Juvenile Salmonids		N. Am. J. Aquacult.70(2): 175-183		2008

		7722647		Potassium permanganate		Oncorhynchus kisutch		Silver Salmon		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LD50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				43000				NR				NR		ug/L																																						NA				NA				NA				NA		107284		Taylor,P.W., and R.A. Glenn		Toxicity of Five Therapeutic Compounds on Juvenile Salmonids		N. Am. J. Aquacult.70(2): 175-183		2008

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LD50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				23000				NR				NR		ug/L																																						NA				NA				NA				NA		107284		Taylor,P.W., and R.A. Glenn		Toxicity of Five Therapeutic Compounds on Juvenile Salmonids		N. Am. J. Aquacult.70(2): 175-183		2008

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LD50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				34000				NR				NR		ug/L																																						NA				NA				NA				NA		107284		Taylor,P.W., and R.A. Glenn		Toxicity of Five Therapeutic Compounds on Juvenile Salmonids		N. Am. J. Aquacult.70(2): 175-183		2008

		7722647		Potassium permanganate		Oncorhynchus tshawytscha		Chinook Salmon		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LD50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				27000				NR				NR		ug/L																																						NA				NA				NA				NA		107284		Taylor,P.W., and R.A. Glenn		Toxicity of Five Therapeutic Compounds on Juvenile Salmonids		N. Am. J. Aquacult.70(2): 175-183		2008

		7722647		Potassium permanganate		Oncorhynchus tshawytscha		Chinook Salmon		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LD50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				33000				NR				NR		ug/L																																						NA				NA				NA				NA		107284		Taylor,P.W., and R.A. Glenn		Toxicity of Five Therapeutic Compounds on Juvenile Salmonids		N. Am. J. Aquacult.70(2): 175-183		2008

		7722647		Potassium permanganate		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		P		U		FW		LAB		NR		Not Reported				14				NR				NR		d		NR				NR				NR				NR		--																														NR				NR				NR				NR		MOR		HTCH		T				150000				NR				NR		ug/L																																						NR				NR				NR				NR		16533		Marking,L.L., J.J. Rach, and T.M. Schreier		Evaluation of Antifungal Agents for Fish Culture		Prog. Fish-Cult.56(4): 225-231		1994

		7722647		Potassium permanganate		Carassius auratus		Goldfish		Fish; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				0.125				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				28800				24700				33600		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Carassius auratus		Goldfish		Fish; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				0.25				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				11400				9980				13000		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Carassius auratus		Goldfish		Fish; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3850				3530				4200		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Carassius auratus		Goldfish		Fish; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3600				3300				3930		ug/L																																						NA				NA				NA				NA		2168		Marking,L.L., and T.D. Bills		Toxicity of Potassium Permanganate to Fish and its Effectiveness for Detoxifying Antimycin		Trans. Am. Fish. Soc.104(3): 579-583		1975

		7722647		Potassium permanganate		Gambusia affinis		Western Mosquitofish		Fish; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50														--																														INC				NR				NR				NR		MOR		MORT		T				12000				NR				NR		ug/L																																						NA				NA				NA				NA		508		Wallen,I.E., W.C. Greer, and R. Lasater		Toxicity to Gambusia affinis of Certain Pure Chemicals in Turbid Waters		Sewage Ind. Wastes29(6): 695-711		1957

		7722647		Potassium permanganate		Gambusia affinis		Western Mosquitofish		Fish; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				2				NR				NR		d		LC50														--																														INC				NR				NR				NR		MOR		MORT		T				12000				NR				NR		ug/L																																						NA				NA				NA				NA		508		Wallen,I.E., W.C. Greer, and R. Lasater		Toxicity to Gambusia affinis of Certain Pure Chemicals in Turbid Waters		Sewage Ind. Wastes29(6): 695-711		1957

		7722647		Potassium permanganate		Gambusia affinis		Western Mosquitofish		Fish; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50														--																														INC				NR				NR				NR		MOR		MORT		T				12000				NR				NR		ug/L																																						NA				NA				NA				NA		508		Wallen,I.E., W.C. Greer, and R. Lasater		Toxicity to Gambusia affinis of Certain Pure Chemicals in Turbid Waters		Sewage Ind. Wastes29(6): 695-711		1957

		7722647		Potassium permanganate		Amoeba proteus		Amoeba		Invertebrates		S		U		FW		LAB		NR		Not Reported				0.0071				NR				NR		d		NR-LETH				NR				NR				NR		--																														NR				100				NR				NR		MOR		MORT		T				18000				NR				NR		ug/L																																						NA				NA				NA				NA		2863		Ruthven,J.A., and J.,Jr. Cairns		The Response of Fresh-Water Protozoan Artificial Communities to Metals		J.Protozool.20(1): 127-135		1973

		7722647		Potassium permanganate		Blepharisma sp.		Ciliate		Invertebrates		S		U		FW		LAB		NR		Not Reported				0.0071				NR				NR		d		NR-LETH				NR				NR				NR		--																														NR				100				NR				NR		MOR		MORT		T				NR				5600				18000		ug/L																																						NA				NA				NA				NA		2863		Ruthven,J.A., and J.,Jr. Cairns		The Response of Fresh-Water Protozoan Artificial Communities to Metals		J.Protozool.20(1): 127-135		1973

		7722647		Potassium permanganate		Paramecium multimicronucleatum		Ciliate		Invertebrates		S		U		FW		LAB		NR		Not Reported				0.0071				NR				NR		d		NR-LETH				NR				NR				NR		--																														NR				100				NR				NR		MOR		MORT		T				10000				NR				NR		ug/L																																						NA				NA				NA				NA		2863		Ruthven,J.A., and J.,Jr. Cairns		The Response of Fresh-Water Protozoan Artificial Communities to Metals		J.Protozool.20(1): 127-135		1973

		7722647		Potassium permanganate		Tetrahymena pyriformis		Ciliate		Invertebrates		S		U		FW		LAB		NR		Not Reported				0.0071				NR				NR		d		NR-LETH				NR				NR				NR		--																														NR				100				NR				NR		MOR		MORT		T				3200				NR				NR		ug/L																																						NA				NA				NA				NA		2863		Ruthven,J.A., and J.,Jr. Cairns		The Response of Fresh-Water Protozoan Artificial Communities to Metals		J.Protozool.20(1): 127-135		1973

		7722647		Potassium permanganate		Paramecium caudatum		Ciliate		Invertebrates		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		NR				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T		>		350*				NR				NR		ug/L																																						NR				NR				NR				NR		2741		Pawlaczyk-Szpilowa,M., M. Moskal, and J. Weretelnik		The Usefulness of Biological Tests for Determining the Toxicity of Some Chemical Compounds in Water (Przydatnosc Testow Biologicznych D Okreslenia Toksycznosci Niektorych Zwiazkow Chemicznych w Wodach)		Acta Hydrobiol.14(2): 115-127		1972

		7722647		Potassium permanganate		Obliquaria reflexa		Three-Horned Wartyback		Molluscs		S		U		FW		LAB		NR		Not Reported				2				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T		>		100000				NR				NR		ug/L																																						NA				NA				NA				NA		4175		Waller,D.L., J.J. Rach, W.G. Cope, L.L. Marking, S.W. Fisher, and H. Dabrowska		Toxicity of Candidate Molluscicides to Zebra Mussels (Dreissena polymorpha) and Selected Nontarget Organisms		J. Great Lakes Res.19(4): 695-702		1993

		7722647		Potassium permanganate		Corbicula manilensis		Asiatic Clam		Molluscs; U.S. Exotic/Nuisance Species		F		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				112000				101000				125000		ug/L																																						NA				NA				NA				NA		418		Chandler,J.H.,Jr., and L.L. Marking		Toxicity of Fishery Chemicals to the Asiatic Clam, Corbicula manilensis		Prog. Fish-Cult.41(3): 148-151		1979

		7722647		Potassium permanganate		Corbicula manilensis		Asiatic Clam		Molluscs; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				118000				103000				136000		ug/L																																						NA				NA				NA				NA		418		Chandler,J.H.,Jr., and L.L. Marking		Toxicity of Fishery Chemicals to the Asiatic Clam, Corbicula manilensis		Prog. Fish-Cult.41(3): 148-151		1979

		7722647		Potassium permanganate		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				2				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T		>		40000				NR				NR		ug/L																																						NR				NR				NR				NR		4175		Waller,D.L., J.J. Rach, W.G. Cope, L.L. Marking, S.W. Fisher, and H. Dabrowska		Toxicity of Candidate Molluscicides to Zebra Mussels (Dreissena polymorpha) and Selected Nontarget Organisms		J. Great Lakes Res.19(4): 695-702		1993

		7722647		Potassium permanganate		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				2				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T		>		40000				NR				NR		ug/L																																						NR				NR				NR				NR		4175		Waller,D.L., J.J. Rach, W.G. Cope, L.L. Marking, S.W. Fisher, and H. Dabrowska		Toxicity of Candidate Molluscicides to Zebra Mussels (Dreissena polymorpha) and Selected Nontarget Organisms		J. Great Lakes Res.19(4): 695-702		1993

		7722647		Potassium permanganate		Corbicula manilensis		Asiatic Clam		Molluscs; U.S. Exotic/Nuisance Species		F		M		FW		LAB		NR		Not Reported				7.9				NR				NR		d		LT50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1080				NR				NR		ug/L																																						NA				NA				NA				NA		11727		Cameron,G.N., J.M. Symons, S.R. Spencer, and J.Y. Ma		Minimizing THM Formation During Control of the Asiatic Clam: A Comparison of Biocides		J. Am. Water Works Assoc.81(2): 53-62		1989

		7722647		Potassium permanganate		Corbicula manilensis		Asiatic Clam		Molluscs; U.S. Exotic/Nuisance Species		F		M		FW		LAB		NR		Not Reported				8.6				NR				NR		d		LT50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				4790				NR				NR		ug/L																																						NA				NA				NA				NA		11727		Cameron,G.N., J.M. Symons, S.R. Spencer, and J.Y. Ma		Minimizing THM Formation During Control of the Asiatic Clam: A Comparison of Biocides		J. Am. Water Works Assoc.81(2): 53-62		1989

		7722647		Potassium permanganate		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		F		M		FW		LAB		NR		Not Reported		>		56				NR				NR		d		LT50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				NR				240				310		ug/L																																						NA				NA				NA				NA		18687		Klerks,P.L., and P.C. Fraleigh		Controlling Adult Zebra Mussels with Oxidants		J. Am. Water Works Assoc.83:92-100		1991

		7722647		Potassium permanganate		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		F		M		FW		LAB		NR		Not Reported				10.7				9				12.3		d		LT50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				NR				1250				1380		ug/L																																						NA				NA				NA				NA		18687		Klerks,P.L., and P.C. Fraleigh		Controlling Adult Zebra Mussels with Oxidants		J. Am. Water Works Assoc.83:92-100		1991

		7722647		Potassium permanganate		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		F		M		FW		LAB		NR		Not Reported				49.8				47.8				52.2		d		LT50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				NR				530				630		ug/L																																						NA				NA				NA				NA		18687		Klerks,P.L., and P.C. Fraleigh		Controlling Adult Zebra Mussels with Oxidants		J. Am. Water Works Assoc.83:92-100		1991

		7722647		Potassium permanganate		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		P		M		FW		LAB		NR		Not Reported		>		28				NR				NR		d		LT50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				NR				120				780		ug/L																																						NA				NA				NA				NA		18687		Klerks,P.L., and P.C. Fraleigh		Controlling Adult Zebra Mussels with Oxidants		J. Am. Water Works Assoc.83:92-100		1991

		7722647		Potassium permanganate		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		P		M		FW		LAB		NR		Not Reported		>		28				NR				NR		d		LT50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				NR				20				420		ug/L																																						NA				NA				NA				NA		18687		Klerks,P.L., and P.C. Fraleigh		Controlling Adult Zebra Mussels with Oxidants		J. Am. Water Works Assoc.83:92-100		1991

		7722647		Potassium permanganate		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		P		M		FW		LAB		NR		Not Reported				26.6				NR				NR		d		LT50														--																														INC				NR				NR				NR		MOR		MORT		T				NR				1060				2150		ug/L																																						NA				NA				NA				NA		18687		Klerks,P.L., and P.C. Fraleigh		Controlling Adult Zebra Mussels with Oxidants		J. Am. Water Works Assoc.83:92-100		1991

		7722647		Potassium permanganate		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		R		M		FW		LAB		NR		Not Reported				21				NR				NR		d		LT50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				NR				120				780		ug/L																																						NA				NA				NA				NA		18687		Klerks,P.L., and P.C. Fraleigh		Controlling Adult Zebra Mussels with Oxidants		J. Am. Water Works Assoc.83:92-100		1991

		7722647		Potassium permanganate		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		R		M		FW		LAB		NR		Not Reported				47.5				NR				NR		d		LT50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				NR				20				420		ug/L																																						NA				NA				NA				NA		18687		Klerks,P.L., and P.C. Fraleigh		Controlling Adult Zebra Mussels with Oxidants		J. Am. Water Works Assoc.83:92-100		1991

		7722647		Potassium permanganate		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		R		M		FW		LAB		NR		Not Reported				7.2				5.9				8.8		d		LT50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				NR				1060				2150		ug/L																																						NA				NA				NA				NA		18687		Klerks,P.L., and P.C. Fraleigh		Controlling Adult Zebra Mussels with Oxidants		J. Am. Water Works Assoc.83:92-100		1991

		7722647		Potassium permanganate		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		F		M		FW		LAB		NR		Not Reported				52				NR				NR		d		NR-LETH				NR				NR				NR		--																														INC				100				NR				NR		MOR		MORT		T				NR				1250				1380		ug/L																																						NA				NA				NA				NA		18687		Klerks,P.L., and P.C. Fraleigh		Controlling Adult Zebra Mussels with Oxidants		J. Am. Water Works Assoc.83:92-100		1991

		7722647		Potassium permanganate		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		R		M		FW		LAB		NR		Not Reported				9				NR				NR		d		NR-LETH				NR				NR				NR		--																														INC				100				NR				NR		MOR		MORT		T				NR				1060				2150		ug/L																																						NA				NA				NA				NA		18687		Klerks,P.L., and P.C. Fraleigh		Controlling Adult Zebra Mussels with Oxidants		J. Am. Water Works Assoc.83:92-100		1991

		7722647		Potassium permanganate		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		F		M		FW		LAB		NR		Not Reported				NR				0				14		d		NR				NR				NR				NR		--																														INC				17				NR				NR		MOR		MORT		T				NR				275				2021		ug/L																																						NR				NR				NR				NR		17560		Klerks,P.L., P.C. Fraleigh, and R.C. Stevenson		Controlling Zebra Mussel (Dreissena polymorpha) Veligers with Three Oxidizing Chemicals: Chlorine, Permanganate, and Peroxide + Iron		In: T.F.Nalepa and D.W.Schloesser (Eds.), Zebra Mussels - Biology, Impacts, and Control, Chapter 36, Lewis Publishers, Boca Raton, FL:621-641		1993

		7722647		Potassium permanganate		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		F		U		FW		LAB		NR		Not Reported				NR				NR				NR		NR		NR				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2000				NR				NR		ug/L																																						NR				NR				NR				NR		16236		Matisoff,G., A. Greenberg, G. Gubanich, and J. Ciaccia		Effects of Potassium, Cloramine, and Chlorine Dioxide on Control of Adult Zebra Mussels		J. Shellfish Res.11(1): 232-233		1992

		7722647		Potassium permanganate		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				2				NR				NR		d		NR														--																														INC		<=		50				NR				NR		MOR		MORT		T				10000				NR				NR		ug/L																																						NR				NR				NR				NR		76054		Waller,D.L., S.W. Fisher, and H. Dabrowska		Prevention of Zebra Mussel Infestation and Dispersal During Aquaculture Operations		Prog. Fish-Cult.58(2): 77-84		1996

		7722647		Potassium permanganate		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				NR				0.0417				0.125		d		NR				NR				NR				NR		--																														INC				10				NR				NR		MOR		MORT		T				NR				500				2500		ug/L																																						NR				NR				NR				NR		17560		Klerks,P.L., P.C. Fraleigh, and R.C. Stevenson		Controlling Zebra Mussel (Dreissena polymorpha) Veligers with Three Oxidizing Chemicals: Chlorine, Permanganate, and Peroxide + Iron		In: T.F.Nalepa and D.W.Schloesser (Eds.), Zebra Mussels - Biology, Impacts, and Control, Chapter 36, Lewis Publishers, Boca Raton, FL:621-641		1993

		7722647		Potassium permanganate		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				NR				0.0417				0.125		d		NR				NR				NR				NR		--																														INC				27				NR				NR		MOR		MORT		T				NR				500				2500		ug/L																																						SIG				NR				NR				NR		17560		Klerks,P.L., P.C. Fraleigh, and R.C. Stevenson		Controlling Zebra Mussel (Dreissena polymorpha) Veligers with Three Oxidizing Chemicals: Chlorine, Permanganate, and Peroxide + Iron		In: T.F.Nalepa and D.W.Schloesser (Eds.), Zebra Mussels - Biology, Impacts, and Control, Chapter 36, Lewis Publishers, Boca Raton, FL:621-641		1993

		7722647		Potassium permanganate		Branchiura sowerbyi		Oligochaete		Worms		NR		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				30				NR				NR		ug/L																																						NA				NA				NA				NA		20731		Das,B.K., and A. Kaviraj		Individual and Interactive Lethal Toxicity of Cadmium, Potassium Permanganate and Cobalt Chloride to Fish, Worm and Plankton		Geobios21(4): 223-227		1994

		7722647		Potassium permanganate		Dracunculus medinensis		Nematode		Worms		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50														--																														INC				NR				NR				NR		MOR		MORT		T				457.09				230.14				907.82		ug/L																																						NA				NA				NA				NA		6037		Mehta,S., R.C. Srivastava, and A.N. Gupta		Relative Toxicity of Some Non-Insecticidal Chemicals to the Free Living Larvae Guinea-Worm (Dracunculus medinensis)		Acta Hydrochim. Hydrobiol.10(4): 397-400		1982

		7722647		Potassium permanganate		Pseudodactylogyrus sp.		Monogenean Parasite		Worms		S		U		FW		LAB		NR		Not Reported				0.5				NR				NR		d		NOEC														--																														DEC				54.8				NR				NR		MOR		HTCH		T				5000				NR				NR		ug/L																																						ANOSIG		<		0.05				NR				NR		103247		Umeda,N., H. Nibe, T. Hara, and N. Hirazawa		Effects of Various Treatments on Hatching of Eggs and Viability of Oncomiracidia of the Monogenean Pseudodactylogyrus anguillae and Pseudodactylogyrus bini		Aquaculture253(1-4): 148-153		2006

		7722647		Potassium permanganate		Pseudodactylogyrus sp.		Monogenean Parasite		Worms		S		U		FW		LAB		NR		Not Reported				0.5				NR				NR		d		NOEC														--																														DEC				57.5				NR				NR		MOR		HTCH		T				5000				NR				NR		ug/L																																						ANOSIG		<		0.05				NR				NR		103247		Umeda,N., H. Nibe, T. Hara, and N. Hirazawa		Effects of Various Treatments on Hatching of Eggs and Viability of Oncomiracidia of the Monogenean Pseudodactylogyrus anguillae and Pseudodactylogyrus bini		Aquaculture253(1-4): 148-153		2006

		7722647		Potassium permanganate		Piscicola sp.		Leech		Worms		NR		U		FW		LAB		NR		Not Reported				0.0417				NR				NR		d		NR				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				10000				NR				NR		ug/L																																						NR				NR				NR				NR		242		Mohan,C.V., N. Ramaiah, and S.L. Shanbhogue		Effects of Some Therapeutics on Fish Ectoparasites		Environ. Ecol.4(1): 98-100		1986

		7722647		Potassium permanganate		Piscicola sp.		Leech		Worms		NR		U		FW		LAB		NR		Not Reported				NR				0.0417				0.0833		d		NR				NR				NR				NR		--																														INC				NR				30				100		MOR		MORT		T				5000				NR				NR		ug/L																																						NR				NR				NR				NR		242		Mohan,C.V., N. Ramaiah, and S.L. Shanbhogue		Effects of Some Therapeutics on Fish Ectoparasites		Environ. Ecol.4(1): 98-100		1986






Potassium permanganate

CAS ID:  7722-64-7

Chemical formula:  KMnO4

Synonyms / Trade names:  Permanganate of potash, Cairox®, Chameleon mineral, Condy’s crystals 

Chemical composition:  Potassium permanganate is a crystalline inorganic solid which decomposes (it does not actually melt) at 240° C.  In its solid form, the crystals appear as a shiny, dark purple to black solid.  Its solubility in water is approximately 64,000 mg/L.  Concentrated aqueous solutions appear purple in color, while more dilute solutions appear light purple or pink.  Its molecular weight is 158.034.  Manganese within potassium permanganate is in its +7 valence state, which results in KMnO4 being a strong oxidizing agent due to the reduction of the heptavalent manganese.  Potassium permanganate solutions used at fish hatcheries contain between 1 - 10 mg/L KMnO4 in water bath or flow through exposures, with an exposure duration of up to one hour (AFS 2011).    

Hatchery use:  Potassium permanganate is normally administered in a static bath to control external protozoan and metazoan parasites, and bacterial and fungal infections.  Based on the permanganate demand of hatchery water, exposure concentrations range between 2 – 10 mg/L, applied in 2 mg/L increments until an effective concentration is found for the specific hatchery (Francis-Floyd and Klinger 2002).  Exposure durations at hatcheries range between 30 – 60 minutes/day.  Although fish are normally exposed to only a single KMnO4 exposure, treatments can be safely repeated on multiple days.  Potassium permanganate is currently in a deferred regulatory status according to the FDA, meaning that it not a low regulatory priority chemical, however the FDA has deferred regulatory action pending further study.  EPA has registered potassium permanganate for use in fish hatcheries as a pesticide.  No Washington hatcheries discharging to estuarine or marine waters report using potassium permanganate.  Thus, if current use patterns continue, potassium permanganate should have no effect on any estuarine or marine T&E fish species.  The only hatchery in Washington currently reporting use of potassium permanganate is the Keta Creek Fish Hatchery, which discharges to freshwater systems.  Keta Creek hatchery reports using KMnO4 at an exposure concentration of 2 mg/L.  

Measures of Exposure:

The use of potassium permanganate in hatcheries is generally for the control of external protozoan, metazoan, bacterial and fungal infestations.  Application is generally at a concentration between 1 – 10 mg/L to fish.   The Keta Creek hatchery reports using KMnO4 at a concentration of 2 mg/L, however, they do not report the exposure duration of fish to KMnO4, the number of days/year KMnO4 treatments are employed, or the volume of the tanks in which fish are exposed to KMnO4.  

The lack of detailed use information for potassium permanganate from Keta Creek hatchery required EPA to make several assumptions regarding their KMnO4 use, which directly impact the estimated environmental concentration calculations.  These assumptions are presented in the Expected Environmental Concentration (EEC) portion of this Measures of Exposure section.

The remainder of this measures of exposure assessment will evaluate two aspects that combined define the exposure of ESA listed species to potassium permanganate in the environment:  its environmental fate once released into the environment, and its expected environmental concentration.

Environmental Fate of Potassium Permanganate

This section will describe the expected environmental fate of potassium permanganate.

Chemically, potassium permanganate is a strong oxidant.  Permanganate is not desirable when added to hatchery water in stoichiometric excess, for several reasons.  Excess permanganate left over after it has completed disinfection and oxidation of organic matter present in water is stable, and can remain in solution for months in the absence of contact with any additional organic matter.  This stoichiometric excess has the potential over time to both continue oxidizing naturally occurring organic matter in hatchery water, and to elicit long term toxicity to fish.  Excess permanganate also imparts an undesirable pink or purple color to water.  

Oxidizing agents such as KMnO4 release one or more reactive oxygen species (ROS), which are a group of free radical chemical species capable of existing while containing one or more unpaired electrons.  The unpaired electron(s) alters the chemical reactivity of the molecule or atom, making it more reactive than the corresponding non-free radical form.  The oxygen free radicals include superoxide anion free radical (·O2-), peroxide free radical (·O2-2), hydroxyl free radical (·OH) and perhydroxyl free radical (·HO2).  Of these, the hydroxyl free radical is the most reactive, and thus capable of causing the greatest damage to external surfaces of cells and viruses.  Singlet oxygen (1O2) is not, strictly speaking, a free radical, but it is an electrically excited state of molecular oxygen (O2) that can also form during permanganate reduction, and is capable of irreversibly damaging cell membranes.

Free radicals and singlet oxygen irreversibly alter most biological macromolecules, including the proteins and lipids which constitute cell walls, cell membranes and viral envelopes.  This irreversible alteration of the structure and function of biological macromolecules is responsible for the disinfecting properties of potassium permanganate, and is also why KMnO4 acts as an external toxicant, not requiring uptake into the organism before eliciting toxicity.  

Potassium permanganate undergoes violent combustion reactions with several classes of organic compounds, including alcohols, glycols and aldehydes (including formalin, which contains both formaldehyde and methanol).  

The primary reactions of potassium permanganate in surface water include the following:









A common reaction product of KMnO4 is manganese dioxide (MnO2), where manganese has been reduced from the +7 valence in KMnO4 to the +4 valence in MnO2.  MnO2 is a solid, common naturally occurring mineral, generally considered to be nontoxic, which in solution imparts a brown color to water.  The above photodecomposition reaction, which forms potassium manganate (K2MnO4), MnO2 and oxygen is the basis for the historical use of adding permanganate to water to increase its oxygen content.

Potassium permanganate has the ability to produce both hydroxyl ions (OH -) and hydroxyl free radicals (.OH) in surface water.  Most organic matter, including cell membranes and viral envelopes, is quickly oxidized by the hydroxyl free radicals released during the transformation of potassium permanganate in surface water.  This oxidation of organic matter with hydroxyl free radicals is the primary mechanism of toxic action by which KMnO4 serves as a disinfectant.

Although aqueous potassium permanganate solutions are stable in the absence of light and organic matter, they are very reactive when organic matter is present.  In the literature, reaction rates and half lives of permanganate reactions with organics are usually expressed in terms of concentrations of the organic compounds being reduced, not the concentration of KMnO4 per se.  But assuming stoichiometrically equivalent concentrations of organic matter and KMnO4, the half-life of organic matter should be equivalent to the half-life of potassium permanganate.

Marking and Bills (1975) in their study of KMnO4 toxicity to several fish species, also measured the ability of KMnO4 to inactivate the piscicide antimycin.  The half-life of the reaction using 1 mg/L KMnO4 ranged between 7 – 11 minutes, depending on the pH of the water.  Potassium permanganate oxidized a series of six chlorophenol compounds with half-lives ranging between 0.41 – 8.25 minutes (Hossain and McLaughlan 2013).  With the exception of perchloroethylene (PCE), Huang et al. (2001) observed that potassium permanganate was able to oxidize a series of chlorinated ethylene compounds in half-lives of between 0.13 – 13.5 minutes.  PCE was oxidized by permanganate with a half-life between 145 – 350 minutes (Huang et al. 2001).  Naturally occurring humic acids in river water are readily oxidized by potassium permanganate (Xia et al. 2005).  For many organic compounds in water, the half-life of potassium permanganate used to oxidize the organics would appear to be on the order of minutes.  These short half-lives would appear to indicate that any potassium permanganate used in stoichiometric excess of hatchery needs would be quickly reduced to non-oxidizing compounds of low toxicity if released to the environment.

The long term stability of potassium permanganate in aqueous solutions in the absence of organic matter and light leads to a potential for some level of manganese bioaccumulation in aquatic species.  This stability is unusual among the chemical oxidants and disinfectants used at hatcheries.  Of the hatchery chemicals evaluated in this BE, potassium permanganate is the only one whose chemical structure includes a transition element metal potentially available to be bioaccumulated by aquatic species.  A U.S. Fish and Wildlife Service white paper on potassium permanganate use in aquaculture (MacMillan 2009) identified studies where manganese uptake by fish was evaluated during exposure to KMnO4.  Studies with both channel catfish and rainbow trout observed no difference in manganese tissue concentrations between Mn-exposed and Mn-unexposed fish.

Expected Environmental Concentration (EEC) of Potassium Permanganate

The desired treatment concentration of potassium permanganate at the Keta Creek hatchery is 2 mg/L.  Keta Creek also has provided EPA with their annual range of daily water discharges from the hatchery to receiving waters.  Unfortunately, Keta Creek hatchery has been unable to provide EPA with information regarding the volume of potassium permanganate used per day or the number of days per year KMnO4 is used.  The volume of chemical used per day by a hatchery is an essential component of the calculation required to derive the expected environmental concentration (EEC) of potassium permanganate in water at the point where the hatchery discharges into a receiving water (i.e. the end of pipe KMnO4 concentration).  This end of pipe concentration is used as a conservative estimate of the potassium permanganate concentration in receiving waters prior to any dilution of hatchery discharges by the receiving body of water.  

However, information about the size of raceways at Keta Creek can be used to estimate the volume of water in a raceway treated with potassium permanganate.  According to Moore (2003), raceways at Keta Creek used to rear Chinook fry are 10’ x 100’ x 4’ in size.  If completely full of water, a raceway would contain 4000 ft3 of water, equivalent to 29,922 gallons.  If it is assumed that a 2 mg/L concentration of KMnO4 is maintained for the recommended one hour exposure (AFS 2011) in a volume of 29,922 gallons of water, and only one raceway at a time is treated, an estimate of the expected environmental concentration can be calculated.

As described in the Problem Formulation section of the methodology used in this BE, the EEC is calculated as follows, based on procedures described in Schmidt et al. (2007).



Where:	EEC = Expected environmental concentration (mg/L or µg/L)

	C = Treatment concentration of chemical in the hatchery (mg/L or µg/L)

	V = Volume of chemical used (gallons/day)

	F = Volume of water discharged from hatchery to receiving water (gallons/day)

	E = Effluent pond volume (gallons)

For the purposes of calculating the potassium permanganate EEC, EPA has assumed that the effluent pond volume is zero.  The Keta Creek hatchery potassium permanganate concentration, estimated use volume, and the hatchery low, average and maximum daily discharges to receiving water are presented in Table PP-???, along with the calculated EEC for each of the three hatchery discharge volumes.

Table PP-???.  Expected environmental concentration of potassium permanganate under low, average and high water volume daily discharges from the Keta Creek Fish Hatchery. 

		Parameter

		Value

		EEC (µg/L)



		Chemical use concentration, mg/L

		2

		



		Daily volume used, gallons

		29,922

		



		Total volume used/year, gallons

		Unknown

		



		Days/year chemical used

		Unknown

		



		Low hatchery discharge, gallons/day

		3,284,640

		18.2



		Average hatchery discharge, gallons/day

		5,890,140

		10.2



		High hatchery discharge, gallons/day

		10,540,300

		5.7







The EEC concentrations from Table PP-??? will be compared to the chronic NOEC estimates calculated in the Measures of Effect section.  This comparison will take place in the Risk Characterization section to estimate ecological risks to T&E species exposed to potassium permanganate discharges from hatcheries in Washington.	

Measures of Effect:

For fully aquatic species, the available toxicity data was identified from a search in EPA’s ECOTOX database (http://cfpub.epa.gov/ecotox/).  

A combined total of 278 freshwater toxicity records were identified from the above search.  These results are presented in Appendix ???, Table ???  As no Washington hatcheries discharging to marine or estuarine systems currently use potassium permanganate, no search was made for toxicity data to marine species.  Of the freshwater records, only 12 report results for animals exposed to potassium permanganate under flow through conditions:  1 record for bluegill, 2 records for channel catfish, 3 records for the Asiatic clam Corbicula manilensis, and 6 records for the zebra mussel.  The bluegill study and one of the Corbicula manilensis studies are of suitable quality for use in deriving water quality criteria.  The zebra mussel studies are of chronic duration (up to 52 days exposure), but were focused on controlling, eliminating or preventing recolonization of zebra mussel accretions on intake pipes for potable water treatment systems.  As such, the zebra mussel studies can be considered to represent lethal concentrations under chronic, long term exposures.

The remaining available toxicity data for aquatic species was performed under static, static renewal or pulsed exposures.  Taxa for which potassium permanganate toxicity data are available that does not meet EPA requirements for use in deriving water quality criteria are as follows:

· Freshwater algae:  4 species

· Freshwater macrophytes:  None

· Aquatic insects:  1 species

· Freshwater crustaceans:  11 species

· Freshwater zooplankton:  6 species

· Freshwater molluscs:  3 species

· Other freshwater invertebrate taxa (e.g. oligochaetes):  8 species

· Amphibians:  None

· Freshwater fish:  21 species

As noted in the previous paragraph, the potassium permanganate toxicity to zebra mussel studies were focused on the use of controlling or eliminating their accretion on pipes or other structures.  This type of study with KMnO4 has not been limited to zebra mussels.  Most of the potassium permanganate toxicity information on species other than fish has been limited to evaluation of its use as a biocide, where often the only reported endpoint is either a concentration or exposure duration required to elicit 100% mortality of the test species.  Fish toxicity studies with potassium permanganate have been limited to evaluating its effects from exposure to its therapeutic dose.  The fish studies have either extended the exposure of fish to the therapeutic dose from one hour to 96 hours (the standard test duration for acute lethality studies), or have exposed the fish either to the therapeutic dose or some multiple of the therapeutic dose for one hour, then placed the fish in clean water and monitored any residual toxicity that occurs once the fish is removed from the KMnO4 solution.  None of these types of toxicity studies readily lend themselves to evaluation of potassium permanganate toxicity to T&E species or their prey using the methodologies presented in the Problem Formulation section of this BE.  This is because the tests are performed using non-standard test methodologies, report non-standard test endpoints, or both.

Some information is available indicating that the difference in lethal concentrations of KMnO4 and no effect concentrations of KMnO4 is small.  This situation generally occurs for chemicals with steep dose-response curves, meaning the difference between adverse and no adverse effect concentrations for a given species may be small.  Steep dose-response curves for chemicals acting as oxidants have been empirically identified for fish species (Tsai et al. 1990).

Of the available potassium permanganate toxicity studies, the single study that demonstrates the range of concentrations between lethal and no effect for the same species is that of Hobbs et al. (2006).  Hobbs et al. (2006) measured 96 hour LC50 values of potassium permanganate for five species:  Daphnia magna, Ceriodaphnia dubia, fathead minnow (Pimephales promelas), Chironomus dilutus and Hyalella azteca.  Daphnia and Ceriodaphnia, as will be discussed in the toxicity to prey species of T&E species, are both crustacean zooplankton species, the group of species that appears to be more sensitive to potassium permanganate than any other taxonomic grouping of animals.  Unlike nearly all other available KMnO4 toxicity studies, the static renewal Daphnia, Ceriodaphnia and fathead minnow exposures were for a full 96 hours, with renewal of exposure media 48 hours into the test.  The Chironomus and Hyalella tests were static exposures, but the exposure was for the full 96 hours, not a dip into KMnO4 solutions for one hour followed by transfer into clean water.  Hobbs et al. (2006) also measured the residual permanganate ion concentration at both test initiation and at the end of the toxicity tests, unlike nearly all other permanganate toxicity tests.  This allowed them to evaluate the degradation of permanganate in test solutions during the test.  Finally, Hobbs et al. (2006) exposed their species to two types of dilution water:  a synthetic laboratory water with low organic carbon content, and an aquaculture pond water with high (34.81 mg/L) organic carbon content.  This design feature of their study allowed them to evaluate the reduction in permanganate ion concentration over time in a water that more closely reflected the types of water in hatcheries to which potassium permanganate is added (i.e. a water with a higher level of organic matter which could be oxidized by permanganate relatively to synthetic laboratory dilution water).

The steepness of the dose-response curve for potassium permanganate, as expressed by the difference between the 96 hour LC50 values and the 96 hour NOEC observed by Hobbs et al. (2006), as well as the degradation of KMnO4 in the presence and absence of organic matter is summarized in Tables PP-synthetic and PP-pond.  These two tables, which combine information from four separate tables in Hobbs et al. (2006), demonstrate both the narrow range between lethal and no effect concentrations of permanganate, and the effects of organic matter on how long permanganate ion remains in solution.

Table PP-synthetic.  Response of five species to potassium permanganate in synthetic laboratory water, and the effects of synthetic laboratory water on KMnO4 concentrations throughout the duration of the exposure (Hobbs et al. 2006).

		Species

		96-h LC50

mg/L

		NOEC

mg/L

		LC50:NOEC

		LOEC

mg/L

		% residual KMnO4 at test completion



		Daphnia magna

		0.053

		0.049

		1.08

		0.071

		Not measured



		Ceriodaphnia dubia

		0.058

		0.047

		1.23

		0.068

		86.5 – 107.8



		Pimephales promelas

		2.13

		1.36

		1.57

		1.68

		95.6 – 101.6



		Chironomus dilutus

		4.43

		<3.20

		1.38

		3.20

		103.0 – 104.7



		Hyalella azteca

		4.74

		3.56

		1.33

		4.31

		95.2 – 108.9







Table PP-pond.  Response of five species to potassium permanganate in aquaculture pond water, and the effects of pond water on KMnO4 concentrations throughout the duration of the exposure (Hobbs et al. 2006).

		Species

		96-h LC50

mg/L

		NOEC

mg/L

		LC50:NOEC

		LOEC

mg/L

		% residual KMnO4 at test completion



		Daphnia magna

		1.98

		1.75

		1.13

		2.50

		Not measured



		Ceriodaphnia dubia

		2.39

		2.25

		1.06

		3.22

		5.5 – 17.4



		Pimephales promelas

		11.28

		9.45

		1.19

		13.50

		25.5 – 50.6



		Chironomus dilutus

		13.55

		9.45

		1.43

		13.50

		24.3 – 65.0



		Hyalella azteca

		12.30

		7.83

		1.57

		11.18

		23.1 – 65.0







Several observations are immediately apparent from Tables PP-synthetic and PP-pond.  The small concentration range between the NOECs and LC50s is obvious, particularly for the two crustacean zooplankton species Daphnia and Ceriodaphnia.  In synthetic laboratory dilution water, the difference between the NOEC and LC50 is 0.004 mg/L and 0.011 mg/L for Daphnia and Ceriodaphnia, respectively.  These differences are equal to one standard deviation in the analytical chemistry quantification of KMnO4 in solution in the Hobbs et al. (2006) study, meaning that the LC50 and NOEC values are statistically indistinguishable from each other.  Further confirmation of this point is provided by the LOEC values for Daphnia and Ceriodaphnia, which, in both the synthetic laboratory and aquaculture pond waters, the LOECs are higher than the 96-h LC50 values.  The ratio between the 96-h LC50 and NOEC concentrations in Tables PP-synthetic and PP-pond is the calculation of the LCLOW considered to be the acute NOEC as described in the Problem Formulation.  The low values of these ratios, all of which are lower than the national default ratio of 2.27 used to convert a LC50 to a LCLOW provides evidence that the use of the 2.27 value to convert an acute LC50 to a LCLOW is protective of aquatic species.

Tables PP-synthetic and PP-pond also demonstrate the effect of organic matter on the retention of potassium permanganate in solution.  For the tests performed in synthetic laboratory dilution water with low organic carbon content, the concentration of potassium permanganate remaining in solution at test termination is close to 100% of the intended concentration at test initiation.  However, for tests performed in aquaculture pond water with elevated total organic carbon concentrations, the amount of potassium permanganate remaining in solution at test termination is as low as 5.5% of the intended concentration at test initiation, and at no time exceeded 65% of the original KMnO4 concentration.  Hobbs et al. (2006) also observed that the largest percent reduction in potassium permanganate concentrations occurred in solutions with the lowest added amount of KMnO4, while higher nominal concentrations contained a higher percentage of KMnO4 remaining in solution at test termination.  This trend is due to potassium permanganate being added in stoichiometric excess relative to the amount of organic matter in the water at the higher exposure concentrations of KMnO4.  This observation, if extended to waters receiving discharges from hatcheries that dilute the hatchery added concentration of KMnO4, leads to a conclusion that permanganate discharges from hatcheries would be reduced in concentration in receiving waters due to KMnO4 oxidizing humic acids and other organic compounds in receiving waters.

Of the available toxicity data, some information on a T&E species under evaluation in this BE is for rainbow trout (steelhead), Chinook salmon and coho salmon.  We have used the available 96 hour LC50 data under static exposure conditions for rainbow trout, coho salmon and Chinook salmon from Taylor and Glenn (2008) to estimate the toxicity of potassium permanganate to the remaining ESA listed salmonid species in Washington.  We have used the methodologies described under the problem formulation section of this BE, specifically using ICE models.  We have done this even though the rainbow trout, coho salmon and Chinook salmon 96 hour LC50 studies were performed under static exposure conditions, not flow through conditions.  Flow through conditions are particularly important for maintaining the desired exposure concentrations of chemicals such as potassium permanganate whose concentrations are quickly reduced when organic matter is present in water, the norm under the environmental conditions in surface waters where T&E species are found.  Exposing organisms to reactive oxidant chemicals such as KMnO4 under flow through conditions provides a greater likelihood that the exposure concentrations are as intended throughout the study, relative to the chemical degradation and subsequent reduction in exposure concentration that occurs over time during static or static renewal exposure conditions.

	Toxicity of Potassium Permanganate

The only toxicity study with fish meeting EPA requirements for use in developing aquatic life criteria available for potassium permanganate is a flow through exposure study with bluegill (Lepomis macrochirus) (EPA and OPP 2013), which found a 96 hour LC50 range of 2300 - 3600 µg/L in a series of three separate toxicity tests.  A second fish toxicity study under flow through conditions (Darwish et al. 2002) with channel catfish (Ictalurus punctatus) exposed the fish to KMnO4 for only 36 hours, not the required 96 hour exposure needed for inclusion in a dataset useable by EPA to derive acute water quality criteria.  Darwish et al. (2002) found 438 µg/L KMnO4 to be a no effect concentration after 36 hours, while 1315 µg/L and 2190 µg/L KMnO4 resulted in 9.4% and 49.6% mortality, respectively, to channel catfish after a 36 hour exposure.  The 36 hour exposure duration used by Darwish et al. (2002) is substantially longer than the one hour exposure duration for therapeutic use currently recommended by AFS (2011).

All other fish toxicity data for KMnO4 was performed under static, static renewal or pulsed exposures.  Of the available data, the most useful in evaluating potential potassium permanganate toxicity to T&E species in receiving waters is a series of 96 hour LC50 studies performed under static exposure conditions on two size classes of rainbow trout, coho salmon and Chinook salmon (Taylor and Glenn 2008).  The Taylor and Glenn (2008) toxicity tests were performed at the Abernathy Fish Technology Center of the U.S. Fish and Wildlife Service (Longview, WA) using fish stocks native to Washington (rainbow trout, Chinook salmon) or Oregon (coho salmon), and are part of the same study whose results were used to evaluate toxicity of hydrogen peroxide to T&E salmonid species in this BE.

Taylor and Glenn (2008) exposed two different size classes of fish to potassium permanganate.  Their ‘small’ group of fish had a target body weight of 2 grams, while their ‘large’ group of fish had a target body weight of 10 grams.  Fish were exposed to a potassium permanganate bath of various concentrations for one hour, then placed in clean water for an additional 120 hours to identify any residual mortality response from exposure to the KMnO4 bath.  Concentrations of KMnO4 used in the one hour bath were 3, 5, 10, 20, 30, 40, and 50 mg/L.  The 96 hour LC50 values for rainbow trout, coho salmon and Chinook salmon from Taylor and Glenn (2008) were calculated from a logistic response function.  The equation used was that given below.



Where:	Yi = mortality probability (= 0.50)

	β0 = logistic regression intercept

	β1 = logistic regression slope

	xj = chemical concentration (mg/L)

Calculated 96 hour LC50 values are given in Table PP-???  Taylor and Glenn (2008) did not report confidence intervals around their LC50 values.

Table PP-???  Empirical 96 hour potassium permanganate LC50 values for three salmonid species as reported by Taylor and Glenn (2008).

		Species

		Size Class

		96-hour LC50 (mg/L)



		Rainbow trout

		2 gram body weight

		23



		Rainbow trout

		10 gram body weight

		34



		Chinook salmon

		2 gram body weight

		33



		Chinook salmon

		10 gram body weight

		27



		Coho salmon

		2 gram body weight

		43



		Coho salmon

		10 gram body weight

		10







No empirical chronic toxicity data with potassium permanganate are available for rainbow trout, Chinook salmon or coho salmon.  Therefore, the procedures given in the Problem Formulation are used to convert the empirical 96 hour LC50 values in Table PP-??? to chronic NOEC concentrations.  This calculation involves dividing the lower of the two available LC50 values for each of the salmonid species in Table PP-??? first by a factor of 2.27 to convert the LC50 to an LCLOW, which is considered an acute NOEC.  The acute NOEC is then divided by the default national acute-chronic ratio of 8.3 to calculate the chronic NOEC concentrations for rainbow trout, Chinook salmon and coho salmon.  The factor of 2.27 is used in this instance to account for the toxicity testing methodology employed by Taylor and Glenn (2008), who exposed their fish for one hour to KMnO4, then placed the fish in clean water for the remainder of the 96 hour study.  Most toxicity tests expose organisms to a chemical for the full 96 hours, not one out of 96 hours, thus the need for an additional factor to ensure a conservative, protective estimate of the chronic NOEC.  These calculated chronic NOEC values are presented in Table PP-2.

[bookmark: _GoBack]Output of all ICE models run with potassium permanganate for the three remaining T&E species (bull trout, chum salmon and sockeye salmon), genera or family with available data in ICE is shown in Table PP-1 (this is another very wide spreadsheet, in the standalone file “Table PP-1 ICE models for bull trout chum sockeye salmon.xlsx).  Using the ICE model selection guidelines set forth in the problem formulation, models used to estimate chronic NOEC’s for salmonid species are highlighted in green and bolded in Table PP-1  

A genus level ICE model using the empirical coho salmon LC50 data (10 mg/L KMnO4, equivalent to 10,000 µg/L, Table PP-???) was used as the starting point to derive chronic NOEC values for bull trout, chum salmon and sockeye salmon.  The genus level ICE model using empirical Chinook salmon toxicity data as input could not be used to estimate toxicity to bull trout because the empirical toxicity data was outside of the useable range of the ICE regression between Chinook salmon and bull trout.  The genus level ICE model between coho salmon and bull trout, chum and sockeye salmon was selected from the remaining ICE models because of the large number of data pairs in the regression, taxonomic closeness to the modeled species relative to family level ICE models, and high r2 and cross-validation scores.

The remaining ICE models, with poorer predictive ability and which were not selected as the source of chronic NOEC’s are shown in red in Table PP-1.  As described in the problem formulation, the lower 95% confidence interval of the predicted chronic NOEC, if available, is used as the chronic NOEC in this BE.  All ICE models used for potassium permanganate generated lower 95% confidence intervals of the chronic NOEC, and are shown in this section.  

No information is available in ICE for eulachon or any of the T&E rockfish species, genera or families in Washington (bocaccio, canary rockfish, yelloweye rockfish).  Therefore, potassium permanganate effects on eulachon and the rockfish species cannot be quantitatively evaluated, and must be considered as a toxicological uncertainty in this BE.  However, as the Keta Creek Fish Hatchery discharges into freshwater (Crisp Creek, a tributary of the Green River), not estuarine or marine water, it is unlikely that potassium permanganate discharges from Keta Creek hatchery would impact saltwater species such as eulachon or rockfish.

The final selected chronic NOEC values for bull trout, Chinook salmon, chum salmon, coho salmon, sockeye salmon and steelhead that were compared to the expected environmental concentration of potassium permanganate in receiving water environments are summarized in Table PP-2.

Table PP-2.  Chronic no effect concentrations (NOEC) for T&E salmonid species exposed to potassium permanganate.

		Species

		Chronic NOEC (mg/L)

		Source of chronic NOEC



		Bull trout

		0.440

		ICE model – genus level



		Chinook salmon

		1.43

		Empirical acute data (Taylor and Glenn 2008)



		Chum salmon

		0.798

		ICE model – genus level



		Coho salmon

		0.531

		Empirical acute data (Taylor and Glenn 2008)



		Sockeye salmon

		0.798

		ICE model – genus level



		Steelhead

		1.22

		Empirical acute data (Taylor and Glenn 2008)







Risk Characterization:  Potassium Permanganate

	Risks to T&E Fish Species from Potassium Permanganate

Risks to T&E fish species for which toxic concentrations of potassium permanganate can be identified from the literature are calculated using a standard ecological risk assessment hazard quotient approach.  In the hazard quotient approach, the estimated environmental concentration is divided by the chronic NOEC for each T&E species to calculate a hazard quotient.  Hazard quotients less than 1.0 are indicative of acceptable levels of ecological risk.  In the context of this BE, an acceptable ecological risk is represented as an EEC which, if not exceeded, results in no discernable effect on the survival, reproduction and growth of a T&E species.  Note that acceptable chronic NOEC values vary between species.  Hazard quotients greater than or equal to 1.0 are indicative of a potential for unacceptable ecological risks to T&E species.  

Hazard quotients for the six T&E salmonid species for which toxicity data is available or could be estimated are presented in Table PP-???.  Hazard quotients were calculated using the EEC generated from the lowest and highest daily discharge from the Keta Creek hatchery, which results in the largest EEC range to which T&E species could be exposed.

Table PP-???  Hazard quotients (HQ) for T&E species exposed to the range of expected environmental concentrations (EEC) of potassium permanganate discharged by hatcheries.

		Species

		EEC range (µg/L)

		Chronic NOEC (µg/L)

		Hazard quotient range



		Bull trout

		5.7 – 18.2

		440

		0.013 – 0.041



		Chinook salmon

		5.7 – 18.2

		1430

		0.0040 – 0.013



		Chum salmon

		5.7 – 18.2

		611

		0.0093 – 0.030



		Coho salmon

		5.7 – 18.2

		531

		0.011 – 0.034



		Sockeye salmon

		5.7 – 18.2

		611

		0.0093 – 0.030



		Steelhead

		5.7 – 18.2

		1220

		0.0047 – 0.015







All hazard quotients in Table PP-??? are substantially lower than 1.0, indicative of acceptable levels of ecological risk to the species under all Keta Creek hatchery discharge scenarios.  Note that the EEC values do not take into account the rapid degradation of environmental concentrations of potassium permanganate when it comes into contact with organic matter in surface waters.  This is discussed more fully in the uncertainty analysis portion of risk characterization, as it is likely the major uncertainty in this BE which overestimates potential ecological risks to T&E species.

	Risks to Potential Freshwater Prey of T&E Species from Potassium Permanganate

Although not of a data quality useful for deriving EPA water quality criteria, a fairly substantial number of species have some potassium permanganate toxicity data available for them (Appendix ???, Table ???).  The only toxicity studies with potassium permanganate that may be of a suitable quality for use in EPA water quality criteria derivation, in addition to the bluegill study discussed earlier ((EPA and OPP 2013) are several flow through exposure studies with molluscs.  Included among the mollusc studies are several chronic duration (up to 56 days of exposure) survival studies (Klerks and Fraleigh 1991) with zebra mussel (Dreissena polymorpha).

Klerks and Fraleigh (1991) determined LT50 values (LT50 is the length of exposure time needed to kill 50% of test organisms) for zebra mussel to be 10.7, 49.8 and 56 days at KMnO4 exposure concentrations of 1250, 530 and 240 µg/L, respectively.  A second series of flow through exposures of zebra mussels to KMnO4 by Klerks et al. (1993) reported that a 14 day exposure to 275 µg/L KMnO4 resulted in 17% mortality.

There are also two flow through studies evaluating the effects of potassium permanganate on survival of Asiatic clam (Corbicula manilensis).  Chandler and Marking (1979) reported a 96 hour LC50 for KMnO4 of 112,000 µg/L (95% confidence interval = 101,000 – 125,000 µg/L).  Chandler and Marking (1979) also performed a 96-h static LC50 test on Corbicula manilensis and observed similar results to their flow through results (96 hour LC50 of 118,000 µg/L with 95% confidence limits of 103,000 to 136,000 µg/L.  They speculated that the ability of the clams to close their valves during the permanganate exposure may be responsible for both the elevated LC50s and the similarity in the static and flow through LC50 concentrations.  Cameron et al. (1989) observed that a concentration of 1080 µg/L was a 7.9 day LT50 for Corbicula manilensis under flow through conditions. 

The results of the Hobbs et al. (2006) study of potassium permanganate on Daphnia magna, Ceriodaphnia dubia, Chironomus dilutus and Hyalella azteca have been discussed at length in the introduction to the Measure of Effects section, and will not be repeated here, with the exception of how chronic NOEC concentrations were calculated.  Unlike all other available crustacean potassium permanganate toxicity studies, the empirical NOEC is reported for the species studied by Hobbs et al. (2006).  Therefore, we concluded that the similarity between the 96-h LC50s and 96-h NOECs from the Hobbs et al. (2006) study provides evidence that dividing the LC50 by the default average ACR (8.0) results in a protective estimate of the chronic NOEC.  For Daphnia and Ceriodaphnia, the two most sensitive crustacean zooplankton species, this calculation resulted in chronic NOEC values of 5.9 µg/L and 5.7 µg/L, respectively.  

Most other invertebrate toxicity studies report either LC100 values, or LT100 values.  In the absence of any specific guidance on how to convert such endpoints into chronic NOEC values, we have divided the LC100 and LT100 values by 2.27, then divided that quotient by 8.3 to obtain chronic NOEC values.  The uncertainty in chronic NOEC estimates from this assumption is discussed in the decision rule portion of the Uncertainty Analysis.

Despite the lack of studies of a quality that could be used to develop EPA water quality criteria, we have used the procedures outlined in the Problem Formulation (i.e. divide the acute toxicity value by 2.27 if the exposure duration is shorter than 96 hours for fish or 48 hours for an invertebrate to obtain an LCLOW, or using the empirical acute LC50 if the test duration was 96 hours for fish or 48 hours for invertebrates, then dividing the LCLOW or acute toxicity LC50 value by a default acute-chronic ratio of 8.3 to obtain a chronic NOEC) to estimate chronic NOEC concentrations for prey of T&E fish species.  Chronic NOEC concentrations of potassium permanganate to prey of T&E species is summarized in Table PP-5.

Table PP-5.  Toxicity of Potassium Permanganate to Freshwater Prey of T&E Listed Species

		Organism Type

		Chronic NOEC range (µg/L)



		Algae

		53 - 1698



		Aquatic macrophytes

		No data



		Aquatic invertebrates

		3.6 - 5361



		     Aquatic insects

		534



		     Crustaceans

		5.7 - 531



		     Zooplankton

		5.7 - 422



		     Molluscs

		106 - 5361



		     Others (e.g. oligochaetes, etc.)

		3.6 - 955



		Amphibians

		No data



		Fish

		41.9 - 1446







Among the taxonomic groups in Table PP-5, crustacean zooplankton appear to be the most sensitive group, with five of the six available toxicity results having chronic NOEC concentrations of 150 µg/L or lower. The most sensitive freshwater species to potassium permanganate, however, appears to be the oligochaete Branchiura sowerbyi, with a four day empirical LC50 of 30 µg/L under static exposure conditions (Das and Kaviraj 1994) translating to a chronic NOEC of 3.6 µg/L KMnO4.  This oligochaete, along with the zooplankton species Daphnia magna and Ceriodaphnia dubia are the only prey species whose chronic NOEC is lower than any of the EEC values from the Keta Creek hatchery.  

Fish species appear to have an intermediate range of sensitivities to potassium permanganate among the taxa for which empirical toxicity information is available.  Algae and molluscs appear to have the widest range of sensitivities to permanganate among taxonomic groups, while the remaining invertebrate species have a narrower range of sensitivities.  The most sensitive freshwater fish appears to be the striped bass (Morone saxatilis), with a calculated chronic NOEC of 41.9 µg/L.  The most tolerant fish species is western mosquitofish (Gambusia affinis), with a chronic NOEC of 1446 µg/L.  

Only three potential prey species, the crustacean zooplankters Daphnia magna and Ceriodaphnia dubia, and the oligochaete Branchiura sowerbyi has a chronic NOEC lower than any of the EEC values from Keta Creek hatchery.  As all other prey species chronic NOECs are higher than the highest EEC for potassium permanganate, we conclude that the weight of evidence for all potential prey species indicates that potassium permanganate is not likely to adversely affect prey species of T&E fish species in Washington.

	Uncertainty Analysis of Potassium Permanganate Risk Characterization

All four types of uncertainty (variation, model uncertainty, decision rule uncertainty and true unknowns) described in the problem formulation are present in this potassium permanganate evaluation.  By far the largest uncertainty in this evaluation is the complete absence of toxicity data in the literature that would permit a quantitative evaluation of risks to T&E rockfish species from potassium permanganate use at fish hatcheries.  This type of uncertainty is a true unknown in this BE.  However, as the only Washington hatchery currently using potassium permanganate discharges to a freshwater stream, not to a marine or estuarine system, eulachon and rockfish species are not currently exposed to any potassium permanganate releases from Washington hatcheries.

Variation of expected environmental concentrations in hatchery discharges and receiving waters is also a large source of uncertainty in this analysis.  This is because the use pattern of potassium permanganate throughout a year has not been described by the only Washington hatchery that currently reports using KMnO4 in its operations.  The absence of the frequency of KMnO4 use or its use patterns means that it is currently uncertain how often potassium permanganate is or is not released from a hatchery.  This uncertainty of release to surface waters frequency is a combination of variation in EEC in receiving waters with a true unknown in how often KMnO4 is released from Keta Creek hatchery to surface waters.

Variation also is expressed in the confidence limits surrounding statistically reduced expressions of the empirical toxicity data (e.g. LC50, EC50, etc.).  Confidence limits describe random variation around the central tendency response of laboratory organisms exposed to chemicals in toxicity tests.  This is an uncertainty regarding the true concentration of KMnO4 that elicits a toxic response in aquatic species.

The environmental degradation rates and short half-life of potassium permanganate in aquatic systems containing organic matter also introduce variation in exposure concentrations and EECs over time.  Variation in potassium permanganate concentrations due to its environmental degradation is a unidirectional process, with the environmental concentration constantly declining.  Without consideration of the reduction of KMnO4 in surface water to MnO2, the EEC values used to describe exposure of T&E species to KMnO4 overestimate the concentrations T&E species are actually exposed to in the environment.  Not attempting to estimate the effect on potassium permanganate EECs of dilution of hatchery discharges by receiving waters also serves to overestimate the actual EEC to which T&E species are exposed.  Although we have estimated EECs without the application of half-lives of KMnO4 presented in this BE, given the already low hazard quotients calculated from our EECs, we have chosen not to modify our EECs by inclusion of a degradation rate term.

EPA normally requires fish toxicity studies used to derive water quality criteria to be performed under flow through conditions.  Unfortunately, all but one (EPA and OPP 2013) of the available fish studies of potassium permanganate toxicity were performed under static, static renewal or pulsed exposure conditions.  Unless chemical concentrations are frequently monitored, uncertainties exist in the chemical concentrations to which test organisms are exposed in static, static renewal or pulsed exposures.  This is particularly true for chemicals having the potential to degrade rapidly, which is the case for potassium permanganate coming into contact with organic matter.  This uncertainty can be quantitatively evaluated to an extent by comparing the potassium permanganate 96 hour LC50 values for bluegills exposed in flow through (EPA and OPP 2013) and static (Marking and Bills 1975) exposures.  The range of the three individual flow through LC50 values (2300 – 3600 µg/L) from EPA and OPP (2013) and the single LC50 from Marking and Bills (1975) of 2380 µg/L overlap.  This overlap in the LC50s obtained under flow through and static exposure conditions provides some level of confidence that static LC50s for KMnO4 may not substantially underestimate the toxicity of potassium permanganate.

Decision rule uncertainty came into play during the evaluation of potassium permanganate risks.  This is because nearly all of the toxicity studies were not performed using standardized test protocols.  For acute toxicity, standard protocols call for exposing an animal to the test chemical for either 48 hours (invertebrates) or 96 hours (fish).  Many permanganate studies exposed organisms to a permanganate bath for a short time period (one hour or less), then transferred the animals into clean water for the duration of the test.  While this exposure scenario mimics the use of potassium permanganate at hatcheries, the problem formulation methodology was not designed to evaluate toxicity from this type of non-standard exposure.  Therefore, we modified the usual chronic NOEC estimation procedure to account for this type of non-standard exposure scenario.  Other permanganate toxicity studies expressed results in terms of the length of time required to kill 100% of test organisms.  While an appropriate experimental design for a chemical whose intended use is as a biocide, measurement of a LT100 is also a non-standard toxicity test procedure, at least during the derivation of EPA water quality criteria, and thus required a modification to the decision rules on how to convert 48 or 96-h LC50 values to chronic NOECs.

Model uncertainty in the ICE models is described by the percent cross-validation success statistic.  According to Raimondo et al. (2013), the percent cross-validation success rate for each model is the proportion of data points that are predicted within 5-fold of the actual LC50 value.  There is a strong relationship between taxonomic distance and cross-validation success rate, with uncertainty generally, although not always increasing with larger taxonomic distance.  Maximizing the value of the cross-validation statistic was a primary determinant of which of multiple ICE models were used to estimate toxicity values in this BE for species where no empirical toxicity data exists for a chemical-species pair.

Effect Determinations of Potassium Permanganate on T&E Species

Based on all chronic NOEC concentrations for six T&E salmonid species being substantially higher than the estimated environmental concentrations of potassium permanganate released from hatcheries, EPA has made the following effect determinations for potassium permanganate:

Bull trout:  Not likely to adversely affect

Chinook salmon:  Not likely to adversely affect

Chum salmon:  Not likely to adversely affect

Coho salmon:  Not likely to adversely affect

Sockeye salmon:  Not likely to adversely affect

Steelhead:  Not likely to adversely affect

The above determinations are all based on the estimated environmental concentrations from hatchery releases being substantially lower than the chronic NOECs for the above six species.

Based on the lack of current discharges from any Washington hatchery directly into estuarine or marine waters, the following species are not exposed to potassium permanganate releases from Washington hatcheries.  Therefore, a no effect determination from potassium permanganate released by hatcheries is warranted for the following species.

Eulachon:  No effect

Bocaccio:  No effect

Canary rockfish:  No effect

Yelloweye rockfish:  No effect

These no effect determinations would need to be revisited if hatcheries which discharge directly into estuarine or marine systems would begin to use potassium permanganate in their operations at some future date.
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Povidone iodine all forms

		CAS Number		Chemical Name		Species Scientific Name		Species Common Name		Species Group		Exposure Type		Chemical Analysis		Media Type		Test Location		Response Site		Response Site Description		Observed Duration Mean Op (Days)		Observed Duration Mean (Days)		Observed Duration Min Op (Days)		Observed Duration Min (Days)		Observed Duration Max Op (Days)		Observed Duration Max (Days)		Observed Duration Units (Days)		Endpoint		BCF 1 Value Op		BCF 1 Value		BCF 1 Min Op		BCF 1 Min		BCF 1 Max Op		BCF 1 Max		BCF 1 Unit		BCF 2 Value Op		BCF 2 Value		BCF 2 Min Op		BCF 2 Min		BCF 2 Max Op		BCF 2 Max		BCF 2 Unit		BCF 3 Value Op		BCF 3 Value		BCF 3 Min Op		BCF 3 Min		BCF 3 Max Op		BCF 3 Max		BCF 3 Unit		Trend		Effect Percent Mean Op		Effect Percent Mean		Effect Percent Min Op		Effect Percent Min		Effect Percent Max Op		Effect Percent Max		Effect		Effect Measurement		Conc 1 Type (Standardized)		Conc 1 Mean Op (Standardized)		Conc 1 Mean (Standardized)		Conc 1 Min Op (Standardized)		Conc Min 1 (Standardized)		Conc 1 Max Op (Standardized)		Conc 1 Max (Standardized)		Conc 1 Units (Standardized)		Conc 2 Type (Standardized)		Conc 2 Mean Op (Standardized)		Conc 2 Mean (Standardized)		Conc 2 Min Op (Standardized)		Conc Min 2 (Standardized)		Conc 2 Max Op (Standardized)		Conc 2 Max (Standardized)		Conc 2 Units (Standardized)		Conc 3 Type (Standardized)		Conc 3 Mean Op (Standardized)		Conc 3 Mean (Standardized)		Conc 3 Min Op (Standardized)		Conc Min 3 (Standardized)		Conc 3 Max Op (Standardized)		Conc 3 Max (Standardized)		Conc 3 Units (Standardized)		Application Rate		Application Rate Units		Statistical Significance		Significance Level Mean Op		Significance Level Mean		Significance Level Min Op		Significance Level Min		Significance Level Max Op		Significance Level Max		Reference Number		Author		Title		Source		Publication Year

		7553562		Iodine		Daphnia magna		Water Flea		Crustaceans; Standard Test Species		S		NR		FW		LAB		NR		Not Reported				2				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				160				140				190		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Daphnia magna		Water Flea		Crustaceans; Standard Test Species		S		NR		FW		LAB		NR		Not Reported				2				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1730				1000				3000		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Daphnia magna		Water Flea		Crustaceans; Standard Test Species		S		NR		FW		LAB		NR		Not Reported				2				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1750				1540				19900		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Daphnia magna		Water Flea		Crustaceans; Standard Test Species		S		NR		FW		LAB		NR		Not Reported				2				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				550				30				1000		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Daphnia magna		Water Flea		Crustaceans; Standard Test Species		S		NR		FW		LAB		NR		Not Reported				2				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				590				510				680		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Daphnia magna		Water Flea		Crustaceans; Standard Test Species		S		NR		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				590				510				680		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Daphnia magna		Water Flea		Crustaceans; Standard Test Species		S		NR		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				850				550				1320		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				0.0417				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3000				2220				4050		ug/L																																						NA				NA				NA				NA		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				0.0833				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2100				1630				2710		ug/L																																						NA				NA				NA				NA		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				0.4167				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				980				890				1070		ug/L																																						NA				NA				NA				NA		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				440				400				490		ug/L																																						NA				NA				NA				NA		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982

		7553562		Iodine		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		F		NC		FW		LAB		NC		Not Coded				4				NR				NR		d		LC50				NR				NR				NR		--																														NC				NC				NC				NC		MOR		MORT		NC				610				460				770		ug/L																																						NA				NA				NA				NA		344		U.S. Environmental Protection Agency, and Office of Pesticide Programs		Pesticide Ecotoxicity Database (Formerly: Environmental Effects Database (EEDB))		Environmental Fate and Effects Division, U.S.EPA, Washington, D.C.:		2013

		7553562		Iodine		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		S		NC		FW		LAB		NC		Not Coded				4				NR				NR		d		LC50				NR				NR				NR		--																														NC				NC				NC				NC		MOR		MORT		NC				37000				28000				45000		ug/L																																						NA				NA				NA				NA		344		U.S. Environmental Protection Agency, and Office of Pesticide Programs		Pesticide Ecotoxicity Database (Formerly: Environmental Effects Database (EEDB))		Environmental Fate and Effects Division, U.S.EPA, Washington, D.C.:		2013

		7553562		Iodine		Poecilia reticulata		Guppy		Fish; Standard Test Species		NR		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				3000				NR				NR		ug/L																																						NA				NA				NA				NA		7367		Yarzhombek,A.A., A.E. Mikulin, and A.N. Zhdanova		Toxicity of Substances in Relation to Form of Exposure		J. Ichthyol.31(7): 99-106		1991

		7553562		Iodine		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		F		NC		FW		LAB		NC		Not Coded				4				NR				NR		d		NOEL				NR				NR				NR		--																														NC				NC				NC				NC		MOR		MORT		NC				160				NR				NR		ug/L																																						NOSIG				NA				NA				NA		344		U.S. Environmental Protection Agency, and Office of Pesticide Programs		Pesticide Ecotoxicity Database (Formerly: Environmental Effects Database (EEDB))		Environmental Fate and Effects Division, U.S.EPA, Washington, D.C.:		2013

		7553562		Iodine		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		S		NC		FW		LAB		NC		Not Coded				4				NR				NR		d		NOEL				NR				NR				NR		--																														NC				NC				NC				NC		MOR		MORT		NC				28000				NR				NR		ug/L																																						NOSIG				NA				NA				NA		344		U.S. Environmental Protection Agency, and Office of Pesticide Programs		Pesticide Ecotoxicity Database (Formerly: Environmental Effects Database (EEDB))		Environmental Fate and Effects Division, U.S.EPA, Washington, D.C.:		2013

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				0.0417				NR				NR		d		NR-LETH				NR				NR				NR		--																														INC				100				NR				NR		MOR		MORT		T				7220				NR				NR		ug/L																																						NA				NA				NA				NA		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				0.0833				NR				NR		d		NR-LETH				NR				NR				NR		--																														INC				100				NR				NR		MOR		MORT		T				4300				NR				NR		ug/L																																						NA				NA				NA				NA		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				0.4167				NR				NR		d		NR-LETH				NR				NR				NR		--																														INC				100				NR				NR		MOR		MORT		T				1520				NR				NR		ug/L																																						NA				NA				NA				NA		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				1				NR				NR		d		NR-LETH				NR				NR				NR		--																														INC				100				NR				NR		MOR		MORT		T				720				NR				NR		ug/L																																						NA				NA				NA				NA		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				0.0417				NR				NR		d		NR-ZERO				NR				NR				NR		--																														NEF				0				NR				NR		MOR		MORT		T				1500				NR				NR		ug/L																																						NR				NR				NR				NR		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				0.0833				NR				NR		d		NR-ZERO				NR				NR				NR		--																														NEF				0				NR				NR		MOR		MORT		T				1200				NR				NR		ug/L																																						NR				NR				NR				NR		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				0.4167				NR				NR		d		NR-ZERO				NR				NR				NR		--																														NEF				0				NR				NR		MOR		MORT		T				500				NR				NR		ug/L																																						NR				NR				NR				NR		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				1				NR				NR		d		NR-ZERO				NR				NR				NR		--																														NEF				0				NR				NR		MOR		MORT		T				100				NR				NR		ug/L																																						NR				NR				NR				NR		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		NC		FW		LAB		NC		Not Coded				4				NR				NR		d		LC50				NR				NR				NR		--																														NC				NC				NC				NC		MOR		MORT		NC				38000				29000				50000		ug/L																																						NA				NA				NA				NA		344		U.S. Environmental Protection Agency, and Office of Pesticide Programs		Pesticide Ecotoxicity Database (Formerly: Environmental Effects Database (EEDB))		Environmental Fate and Effects Division, U.S.EPA, Washington, D.C.:		2013

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		NR		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T		>		10				NR				NR		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		NR		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1670				1510				1840		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		NR		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1730				1000				3000		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		NR		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1730				1000				3000		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		NR		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				4190				4020				4370		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		NR		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				4200				3000				6000		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		NR		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				530				480				580		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		NC		FW		LAB		NC		Not Coded				4				NR				NR		d		NOEL				NR				NR				NR		--																														NC				NC				NC				NC		MOR		MORT		NC				29000				NR				NR		ug/L																																						NOSIG				NA				NA				NA		344		U.S. Environmental Protection Agency, and Office of Pesticide Programs		Pesticide Ecotoxicity Database (Formerly: Environmental Effects Database (EEDB))		Environmental Fate and Effects Division, U.S.EPA, Washington, D.C.:		2013

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		P		U		FW		LAB		NR		Not Reported				14				NR				NR		d		NR				NR				NR				NR		--																														NR				NR				NR				NR		MOR		HTCH		A				300000				NR				NR		ug/L																																						NR				NR				NR				NR		16533		Marking,L.L., J.J. Rach, and T.M. Schreier		Evaluation of Antifungal Agents for Fish Culture		Prog. Fish-Cult.56(4): 225-231		1994

		7553562		Iodine		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				3				NR				NR		d		NR														--																														INC				28.9				NR				NR		MOR		MORT		T				200000				NR				NR		ug/L																																						NR				NR				NR				NR		76054		Waller,D.L., S.W. Fisher, and H. Dabrowska		Prevention of Zebra Mussel Infestation and Dispersal During Aquaculture Operations		Prog. Fish-Cult.58(2): 77-84		1996

		9003398		1-Ethenyl-2-pyrrolidinone, Homopolymer		Pagrus major		Red Sea Bream		Fish		S		U		SW		LAB		NR		Not Reported				0.5				NR				NR		d		LOEC				NR				NR				NR		--																														DEC				43.2				NR				NR		MOR		HTCH		F				10				NR				NR		% v/v																																						SIG		<		0.05				NR				NR		113092		Xiao,Z.Z., L.L. Zhang, X.Z. Xu, Q.H. Liu, J. Li, D.Y. Ma, S.H. Xu, Y.P. Xue, and Q.Z. Xue		Effect of Cryoprotectants on Hatching Rate of Red Seabream (Pagrus major) Embryos		Theriogenology70(7): 1086-1092		2008

		9003398		1-Ethenyl-2-pyrrolidinone, Homopolymer		Pagrus major		Red Sea Bream		Fish		S		U		SW		LAB		NR		Not Reported				0.5				NR				NR		d		LOEC				NR				NR				NR		--																														DEC				91.4				NR				NR		MOR		HTCH		F				10				NR				NR		% v/v																																						SIG		<		0.05				NR				NR		113092		Xiao,Z.Z., L.L. Zhang, X.Z. Xu, Q.H. Liu, J. Li, D.Y. Ma, S.H. Xu, Y.P. Xue, and Q.Z. Xue		Effect of Cryoprotectants on Hatching Rate of Red Seabream (Pagrus major) Embryos		Theriogenology70(7): 1086-1092		2008

		9003398		1-Ethenyl-2-pyrrolidinone, Homopolymer		Pagrus major		Red Sea Bream		Fish		S		U		SW		LAB		NR		Not Reported				0.5				NR				NR		d		NOEC				NR				NR				NR		--																														DEC				98.7				NR				NR		MOR		HTCH		F				5				NR				NR		% v/v																																						NOSIG		<		0.05				NR				NR		113092		Xiao,Z.Z., L.L. Zhang, X.Z. Xu, Q.H. Liu, J. Li, D.Y. Ma, S.H. Xu, Y.P. Xue, and Q.Z. Xue		Effect of Cryoprotectants on Hatching Rate of Red Seabream (Pagrus major) Embryos		Theriogenology70(7): 1086-1092		2008

		9003398		1-Ethenyl-2-pyrrolidinone, Homopolymer		Pagrus major		Red Sea Bream		Fish		S		U		SW		LAB		NR		Not Reported				0.5				NR				NR		d		NOEC				NR				NR				NR		--																														DEC				98.7				NR				NR		MOR		HTCH		F				5				NR				NR		% v/v																																						NOSIG		<		0.05				NR				NR		113092		Xiao,Z.Z., L.L. Zhang, X.Z. Xu, Q.H. Liu, J. Li, D.Y. Ma, S.H. Xu, Y.P. Xue, and Q.Z. Xue		Effect of Cryoprotectants on Hatching Rate of Red Seabream (Pagrus major) Embryos		Theriogenology70(7): 1086-1092		2008

		25655418		Polyvinyl pyrrolidoneiodine		Dunaliella euchlora		Green Algae		Algae, Moss, Fungi		S		U		SW		LAB		NR		Not Reported				10				NR				NR		d		NR-LETH				NR				NR				NR		--																														NR				100				NR				NR		MOR		MORT		F				100000				NR				NR		ug/L																																						NA				NA				NA				NA		8039		Ukeles,R.		Growth of Pure Cultures of Marine Phytoplankton in the Presence of Toxicants		Appl. Microbiol.10:532-537		1962

		25655418		Polyvinyl pyrrolidoneiodine		Pavlova lutheri		Chrysophyte		Algae, Moss, Fungi		S		U		SW		LAB		NR		Not Reported				10				NR				NR		d		NR-LETH				NR				NR				NR		--																														NR				100				NR				NR		MOR		MORT		F				100000				NR				NR		ug/L																																						NA				NA				NA				NA		8039		Ukeles,R.		Growth of Pure Cultures of Marine Phytoplankton in the Presence of Toxicants		Appl. Microbiol.10:532-537		1962

		25655418		Polyvinyl pyrrolidoneiodine		Dunaliella euchlora		Green Algae		Algae, Moss, Fungi		S		U		SW		LAB		NR		Not Reported				10				NR				NR		d		NR				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				50000				NR				NR		ug/L																																						NR				NR				NR				NR		8039		Ukeles,R.		Growth of Pure Cultures of Marine Phytoplankton in the Presence of Toxicants		Appl. Microbiol.10:532-537		1962

		25655418		Polyvinyl pyrrolidoneiodine		Phaeodactylum tricornutum		Diatom		Algae, Moss, Fungi		S		U		SW		LAB		NR		Not Reported				10				NR				NR		d		NR				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				50000				NR				NR		ug/L																																						NR				NR				NR				NR		8039		Ukeles,R.		Growth of Pure Cultures of Marine Phytoplankton in the Presence of Toxicants		Appl. Microbiol.10:532-537		1962

		25655418		Polyvinyl pyrrolidoneiodine		Micropterus salmoides		Largemouth Bass		Fish		S		U		FW		LAB		NR		Not Reported				0.0104				NR				NR		d		NR				NR				NR				NR		--																														NR				NR				NR				NR		MOR		HTCH		F				150000				NR				NR		ug/L																																						NR				NR				NR				NR		9941		Wright,L.D., and J.R. Snow		The Effect of Six Chemicals for Disinfection of Largemouth Bass Eggs		Prog. Fish-Cult.37(4): 213-217		1975

		25655418		Polyvinyl pyrrolidoneiodine		Micropterus salmoides		Largemouth Bass		Fish		S		U		FW		LAB		NR		Not Reported				0.0104				NR				NR		d		NR				NR				NR				NR		--																														NR				NR				NR				NR		MOR		HTCH		F				200000				NR				NR		ug/L																																						NR				NR				NR				NR		9941		Wright,L.D., and J.R. Snow		The Effect of Six Chemicals for Disinfection of Largemouth Bass Eggs		Prog. Fish-Cult.37(4): 213-217		1975

		25655418		Polyvinyl pyrrolidoneiodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.0104				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F		>		2000000				NR				NR		ug/L																																						NA				NA				NA				NA		5749		Amend,D.F.		Comparative Toxicity of Two Iodophors to Rainbow Trout Eggs		Trans. Am. Fish. Soc.103(1): 73-78		1974

		25655418		Polyvinyl pyrrolidoneiodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.0104				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F		>		2000000				NR				NR		ug/L																																						NA				NA				NA				NA		5749		Amend,D.F.		Comparative Toxicity of Two Iodophors to Rainbow Trout Eggs		Trans. Am. Fish. Soc.103(1): 73-78		1974

		25655418		Polyvinyl pyrrolidoneiodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.0104				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				1480000				1431000				1531000		ug/L																																						NA				NA				NA				NA		5749		Amend,D.F.		Comparative Toxicity of Two Iodophors to Rainbow Trout Eggs		Trans. Am. Fish. Soc.103(1): 73-78		1974

		25655418		Polyvinyl pyrrolidoneiodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.0104				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				1600000				1535000				1668000		ug/L																																						NA				NA				NA				NA		5749		Amend,D.F.		Comparative Toxicity of Two Iodophors to Rainbow Trout Eggs		Trans. Am. Fish. Soc.103(1): 73-78		1974

		25655418		Polyvinyl pyrrolidoneiodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.0104				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				1640000				1562000				1722000		ug/L																																						NA				NA				NA				NA		5749		Amend,D.F.		Comparative Toxicity of Two Iodophors to Rainbow Trout Eggs		Trans. Am. Fish. Soc.103(1): 73-78		1974

		25655418		Polyvinyl pyrrolidoneiodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.0104				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				260000				242000				278000		ug/L																																						NA				NA				NA				NA		5749		Amend,D.F.		Comparative Toxicity of Two Iodophors to Rainbow Trout Eggs		Trans. Am. Fish. Soc.103(1): 73-78		1974

		25655418		Polyvinyl pyrrolidoneiodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.0104				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				515000				475000				557000		ug/L																																						NA				NA				NA				NA		5749		Amend,D.F.		Comparative Toxicity of Two Iodophors to Rainbow Trout Eggs		Trans. Am. Fish. Soc.103(1): 73-78		1974

		25655418		Polyvinyl pyrrolidoneiodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.0417				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				1050000				990000				1113000		ug/L																																						NA				NA				NA				NA		5749		Amend,D.F.		Comparative Toxicity of Two Iodophors to Rainbow Trout Eggs		Trans. Am. Fish. Soc.103(1): 73-78		1974

		25655418		Polyvinyl pyrrolidoneiodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				35				NR				NR		d		NR				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				100000				NR				NR		ug/L																																						NR				NR				NR				NR		5749		Amend,D.F.		Comparative Toxicity of Two Iodophors to Rainbow Trout Eggs		Trans. Am. Fish. Soc.103(1): 73-78		1974

		25655418		Polyvinyl pyrrolidoneiodine		Mercenaria mercenaria		Northern Quahog Or Hard Clam		Molluscs; Standard Test Species		S		U		SW		LAB		NR		Not Reported				2				NR				NR		d		EC50				NR				NR				NR		--																														DEC				NR				NR				NR		DVP		GDVP		F				17100				NR				NR		ug/L																																						NA				NA				NA				NA		2400		Davis,H.C., and H. Hidu		Effects of Pesticides on Embryonic Development of Clams and Oysters and on Survival and Growth of the Larvae		Fish. Bull.67(2): 393-404		1969

		25655418		Polyvinyl pyrrolidoneiodine		Mercenaria mercenaria		Northern Quahog Or Hard Clam		Molluscs; Standard Test Species		R		U		SW		LAB		NR		Not Reported				12				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		F				34940				NR				NR		ug/L																																						NA				NA				NA				NA		2400		Davis,H.C., and H. Hidu		Effects of Pesticides on Embryonic Development of Clams and Oysters and on Survival and Growth of the Larvae		Fish. Bull.67(2): 393-404		1969

		25655418		Polyvinyl pyrrolidoneiodine		Mercenaria mercenaria		Northern Quahog Or Hard Clam		Molluscs; Standard Test Species		R		U		SW		LAB		NR		Not Reported				12				NR				NR		d		NR				NR				NR				NR		--																														CHG				NR				NR				NR		GRO		GGRO		F				NR				250				50000		ug/L																																						NR				NR				NR				NR		2400		Davis,H.C., and H. Hidu		Effects of Pesticides on Embryonic Development of Clams and Oysters and on Survival and Growth of the Larvae		Fish. Bull.67(2): 393-404		1969

		25655418		Polyvinyl pyrrolidoneiodine		Corbicula manilensis		Asiatic Clam		Molluscs; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		F		>		30000000				NR				NR		ug/L																																						NA				NA				NA				NA		418		Chandler,J.H.,Jr., and L.L. Marking		Toxicity of Fishery Chemicals to the Asiatic Clam, Corbicula manilensis		Prog. Fish-Cult.41(3): 148-151		1979

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2190000				NR				NR		ug/L																																						NA				NA				NA				NA		285		Goettl,J.P.,Jr., J.R. Sinley, and P.H. Davies		Water Pollution Studies		Job Progress Report, Federal Aid Project F-33-R-9, DNR, Boulder, CO:96 p.		1974

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				896000*				NR				NR		ug/L																																						NA				NA				NA				NA		7303		Davies,P.H., and J.P.,Jr. Goettl		Evaluation of the Potential Impacts of Silver and/or Silver Iodide on Rainbow Trout in Laboratory and High Mountain Lake Environments		In: D.A.Klein (Ed.), Environmental Impacts of Artificial Ice Nucleating Agents, Dowden, Hutchinson and Ross Inc., Stroudsburg, PA:149-161		1978

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		IP		U		FW		LAB		NR		Not Reported				3				NR				NR		d		LD50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				6.6				NR				NR		umol/g																																						NA				NA				NA				NA		4669		Eales,J.G., D.G. Cyr, and R.F. Cook		Effect of Excess Iodide on Thyroid Function of Rainbow Trout, Salmo gairdneri		Fish Physiol. Biochem.1(4): 171-177		1986

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		IP		U		FW		LAB		NR		Not Reported				22				NR				NR		d		NR-ZERO				NR				NR				NR		--																														NEF				0				NR				NR		MOR		MORT		T				1				NR				NR		M																																						NA				NA				NA				NA		4669		Eales,J.G., D.G. Cyr, and R.F. Cook		Effect of Excess Iodide on Thyroid Function of Rainbow Trout, Salmo gairdneri		Fish Physiol. Biochem.1(4): 171-177		1986

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		IP		U		FW		LAB		PL		Plasma				0.25				NR				NR		d		NR				NR				NR				NR		--																														INC				NR				NR				NR		ACC		RSDE		T				1				NR				NR		M																																						NOSIG		<		0.05				NR				NR		4669		Eales,J.G., D.G. Cyr, and R.F. Cook		Effect of Excess Iodide on Thyroid Function of Rainbow Trout, Salmo gairdneri		Fish Physiol. Biochem.1(4): 171-177		1986

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		IP		U		FW		LAB		PL		Plasma				NR				0.25				1		d		NR				NR				NR				NR		--																														INC				NR				NR				NR		ACC		RSDE		T				1				NR				NR		M																																						NOSIG		<		0.05				NR				NR		4669		Eales,J.G., D.G. Cyr, and R.F. Cook		Effect of Excess Iodide on Thyroid Function of Rainbow Trout, Salmo gairdneri		Fish Physiol. Biochem.1(4): 171-177		1986

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		IP		U		FW		LAB		PL		Plasma				NR				7				22		d		NR				NR				NR				NR		--																														INC				NR				NR				NR		ACC		RSDE		T				1				NR				NR		M																																						NR				NR				NR				NR		4669		Eales,J.G., D.G. Cyr, and R.F. Cook		Effect of Excess Iodide on Thyroid Function of Rainbow Trout, Salmo gairdneri		Fish Physiol. Biochem.1(4): 171-177		1986

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		IP		U		FW		LAB		WO		Whole Organism				0.25				NR				NR		d		NR				NR				NR				NR		--																														DEC				NR				NR				NR		GRO		WGHT		T				1				NR				NR		M																																						SIG		<		0.05				NR				NR		4669		Eales,J.G., D.G. Cyr, and R.F. Cook		Effect of Excess Iodide on Thyroid Function of Rainbow Trout, Salmo gairdneri		Fish Physiol. Biochem.1(4): 171-177		1986

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		IP		U		FW		LAB		WO		Whole Organism				NR				0.25				1		d		NR				NR				NR				NR		--																														DEC				NR				NR				NR		GRO		WGHT		T				1				NR				NR		M																																						NOSIG		<		0.05				NR				NR		4669		Eales,J.G., D.G. Cyr, and R.F. Cook		Effect of Excess Iodide on Thyroid Function of Rainbow Trout, Salmo gairdneri		Fish Physiol. Biochem.1(4): 171-177		1986

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		IP		U		FW		LAB		WO		Whole Organism				NR				7				22		d		NR				NR				NR				NR		--																														DEC				NR				NR				NR		GRO		WGHT		T				1				NR				NR		M																																						NR				NR				NR				NR		4669		Eales,J.G., D.G. Cyr, and R.F. Cook		Effect of Excess Iodide on Thyroid Function of Rainbow Trout, Salmo gairdneri		Fish Physiol. Biochem.1(4): 171-177		1986

		7681110		Potassium iodide		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				226000				220000				313000		ug/L																																						NA				NA				NA				NA		11011		Fisher,S.W., P. Stromberg, K.A. Bruner, and L.D. Boulet		Molluscicidal Activity of Potassium to the Zebra Mussel, Dreissena polymorphia: Toxicity and Mode of Action		Aquat. Toxicol.20:219-234		1991





Povidone iodine review and sort

		Summary of all available toxicity data for different chemical forms of povidone-iodine and its active ingredient elemental iodine

		CAS Number		Chemical Name		Species Scientific Name		Species Common Name		Species Group		Exposure Type		Chemical Analysis		Media Type		Test Location		Response Site		Response Site Description		Observed Duration Mean Op (Days)		Observed Duration Mean (Days)		Observed Duration Min Op (Days)		Observed Duration Min (Days)		Observed Duration Max Op (Days)		Observed Duration Max (Days)		Observed Duration Units (Days)		Endpoint		BCF 1 Value Op		BCF 1 Value		BCF 1 Min Op		BCF 1 Min		BCF 1 Max Op		BCF 1 Max		BCF 1 Unit		BCF 2 Value Op		BCF 2 Value		BCF 2 Min Op		BCF 2 Min		BCF 2 Max Op		BCF 2 Max		BCF 2 Unit		BCF 3 Value Op		BCF 3 Value		BCF 3 Min Op		BCF 3 Min		BCF 3 Max Op		BCF 3 Max		BCF 3 Unit		Trend		Effect Percent Mean Op		Effect Percent Mean		Effect Percent Min Op		Effect Percent Min		Effect Percent Max Op		Effect Percent Max		Effect		Effect Measurement		Conc 1 Type (Standardized)		Conc 1 Mean Op (Standardized)		Conc 1 Mean (Standardized)		Conc 1 Min Op (Standardized)		Conc Min 1 (Standardized)		Conc 1 Max Op (Standardized)		Conc 1 Max (Standardized)		Conc 1 Units (Standardized)		Conc 2 Type (Standardized)		Conc 2 Mean Op (Standardized)		Conc 2 Mean (Standardized)		Conc 2 Min Op (Standardized)		Conc Min 2 (Standardized)		Conc 2 Max Op (Standardized)		Conc 2 Max (Standardized)		Conc 2 Units (Standardized)		Conc 3 Type (Standardized)		Conc 3 Mean Op (Standardized)		Conc 3 Mean (Standardized)		Conc 3 Min Op (Standardized)		Conc Min 3 (Standardized)		Conc 3 Max Op (Standardized)		Conc 3 Max (Standardized)		Conc 3 Units (Standardized)		Application Rate		Application Rate Units		Statistical Significance		Significance Level Mean Op		Significance Level Mean		Significance Level Min Op		Significance Level Min		Significance Level Max Op		Significance Level Max		Reference Number		Author		Title		Source		Publication Year		Reason Unused		Reason Unused

		7553562		Iodine		Daphnia magna		Water Flea		Crustaceans; Standard Test Species		S		NR		FW		LAB		NR		Not Reported				2				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				160				140				190		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Daphnia magna		Water Flea		Crustaceans; Standard Test Species		S		NR		FW		LAB		NR		Not Reported				2				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1730				1000				3000		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Daphnia magna		Water Flea		Crustaceans; Standard Test Species		S		NR		FW		LAB		NR		Not Reported				2				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1750				1540				19900		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Daphnia magna		Water Flea		Crustaceans; Standard Test Species		S		NR		FW		LAB		NR		Not Reported				2				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				550				30				1000		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Daphnia magna		Water Flea		Crustaceans; Standard Test Species		S		NR		FW		LAB		NR		Not Reported				2				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				590				510				680		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Daphnia magna		Water Flea		Crustaceans; Standard Test Species		S		NR		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				590				510				680		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Daphnia magna		Water Flea		Crustaceans; Standard Test Species		S		NR		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				850				550				1320		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				0.0417				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				3000				2220				4050		ug/L																																						NA				NA				NA				NA		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982		Duration too short

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				0.0833				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2100				1630				2710		ug/L																																						NA				NA				NA				NA		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982		Duration too short

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				0.4167				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				980				890				1070		ug/L																																						NA				NA				NA				NA		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982		Duration too short

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				440				400				490		ug/L																																						NA				NA				NA				NA		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982		Duration too short

		7553562		Iodine		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		F		NC		FW		LAB		NC		Not Coded				4				NR				NR		d		LC50				NR				NR				NR		--																														NC				NC				NC				NC		MOR		MORT		NC				610				460				770		ug/L																																						NA				NA				NA				NA		344		U.S. Environmental Protection Agency, and Office of Pesticide Programs		Pesticide Ecotoxicity Database (Formerly: Environmental Effects Database (EEDB))		Environmental Fate and Effects Division, U.S.EPA, Washington, D.C.:		2013

		7553562		Iodine		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		S		NC		FW		LAB		NC		Not Coded				4				NR				NR		d		LC50				NR				NR				NR		--																														NC				NC				NC				NC		MOR		MORT		NC				37000				28000				45000		ug/L																																						NA				NA				NA				NA		344		U.S. Environmental Protection Agency, and Office of Pesticide Programs		Pesticide Ecotoxicity Database (Formerly: Environmental Effects Database (EEDB))		Environmental Fate and Effects Division, U.S.EPA, Washington, D.C.:		2013

		7553562		Iodine		Poecilia reticulata		Guppy		Fish; Standard Test Species		NR		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				3000				NR				NR		ug/L																																						NA				NA				NA				NA		7367		Yarzhombek,A.A., A.E. Mikulin, and A.N. Zhdanova		Toxicity of Substances in Relation to Form of Exposure		J. Ichthyol.31(7): 99-106		1991		Exposure type not reported		Duration too short

		7553562		Iodine		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		F		NC		FW		LAB		NC		Not Coded				4				NR				NR		d		NOEL				NR				NR				NR		--																														NC				NC				NC				NC		MOR		MORT		NC				160				NR				NR		ug/L																																						NOSIG				NA				NA				NA		344		U.S. Environmental Protection Agency, and Office of Pesticide Programs		Pesticide Ecotoxicity Database (Formerly: Environmental Effects Database (EEDB))		Environmental Fate and Effects Division, U.S.EPA, Washington, D.C.:		2013		No effect concentration

		7553562		Iodine		Lepomis macrochirus		Bluegill		Fish; Standard Test Species		S		NC		FW		LAB		NC		Not Coded				4				NR				NR		d		NOEL				NR				NR				NR		--																														NC				NC				NC				NC		MOR		MORT		NC				28000				NR				NR		ug/L																																						NOSIG				NA				NA				NA		344		U.S. Environmental Protection Agency, and Office of Pesticide Programs		Pesticide Ecotoxicity Database (Formerly: Environmental Effects Database (EEDB))		Environmental Fate and Effects Division, U.S.EPA, Washington, D.C.:		2013		No effect concentration

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				0.0417				NR				NR		d		NR-LETH				NR				NR				NR		--																														INC				100				NR				NR		MOR		MORT		T				7220				NR				NR		ug/L																																						NA				NA				NA				NA		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982		Duration too short

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				0.0833				NR				NR		d		NR-LETH				NR				NR				NR		--																														INC				100				NR				NR		MOR		MORT		T				4300				NR				NR		ug/L																																						NA				NA				NA				NA		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982		Duration too short

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				0.4167				NR				NR		d		NR-LETH				NR				NR				NR		--																														INC				100				NR				NR		MOR		MORT		T				1520				NR				NR		ug/L																																						NA				NA				NA				NA		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982		Duration too short

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				1				NR				NR		d		NR-LETH				NR				NR				NR		--																														INC				100				NR				NR		MOR		MORT		T				720				NR				NR		ug/L																																						NA				NA				NA				NA		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982		Duration too short

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				0.0417				NR				NR		d		NR-ZERO				NR				NR				NR		--																														NEF				0				NR				NR		MOR		MORT		T				1500				NR				NR		ug/L																																						NR				NR				NR				NR		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982		Duration too short

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				0.0833				NR				NR		d		NR-ZERO				NR				NR				NR		--																														NEF				0				NR				NR		MOR		MORT		T				1200				NR				NR		ug/L																																						NR				NR				NR				NR		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982		Duration too short

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				0.4167				NR				NR		d		NR-ZERO				NR				NR				NR		--																														NEF				0				NR				NR		MOR		MORT		T				500				NR				NR		ug/L																																						NR				NR				NR				NR		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982		Duration too short

		7553562		Iodine		Ictalurus punctatus		Channel Catfish		Fish; Standard Test Species		S		M		FW		LAB		NR		Not Reported				1				NR				NR		d		NR-ZERO				NR				NR				NR		--																														NEF				0				NR				NR		MOR		MORT		T				100				NR				NR		ug/L																																						NR				NR				NR				NR		19707		LeValley,M.J.		Acute Toxicity of Iodine to Channel Catfish (Ictalurus punctatus)		Bull. Environ. Contam. Toxicol.29(1): 7-11		1982		Duration too short

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		NC		FW		LAB		NC		Not Coded				4				NR				NR		d		LC50				NR				NR				NR		--																														NC				NC				NC				NC		MOR		MORT		NC				38000				29000				50000		ug/L																																						NA				NA				NA				NA		344		U.S. Environmental Protection Agency, and Office of Pesticide Programs		Pesticide Ecotoxicity Database (Formerly: Environmental Effects Database (EEDB))		Environmental Fate and Effects Division, U.S.EPA, Washington, D.C.:		2013

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		NR		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T		>		10				NR				NR		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995		Greater than value

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		NR		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1670				1510				1840		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		NR		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1730				1000				3000		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		NR		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				1730				1000				3000		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		NR		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				4190				4020				4370		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		NR		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				4200				3000				6000		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		NR		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				530				480				580		ug/L																																						NA				NA				NA				NA		14930		Laverock,M.J., M. Stephenson, and C.R. MacDonald		Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout (Oncorhynchus mykiss)		Arch. Environ. Contam. Toxicol.29(3): 344-350		1995

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		NC		FW		LAB		NC		Not Coded				4				NR				NR		d		NOEL				NR				NR				NR		--																														NC				NC				NC				NC		MOR		MORT		NC				29000				NR				NR		ug/L																																						NOSIG				NA				NA				NA		344		U.S. Environmental Protection Agency, and Office of Pesticide Programs		Pesticide Ecotoxicity Database (Formerly: Environmental Effects Database (EEDB))		Environmental Fate and Effects Division, U.S.EPA, Washington, D.C.:		2013

		7553562		Iodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		P		U		FW		LAB		NR		Not Reported				14				NR				NR		d		NR				NR				NR				NR		--																														NR				NR				NR				NR		MOR		HTCH		A				300000				NR				NR		ug/L																																						NR				NR				NR				NR		16533		Marking,L.L., J.J. Rach, and T.M. Schreier		Evaluation of Antifungal Agents for Fish Culture		Prog. Fish-Cult.56(4): 225-231		1994		Pulsed exposure

		7553562		Iodine		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				3				NR				NR		d		NR														--																														INC				28.9				NR				NR		MOR		MORT		T				200000				NR				NR		ug/L																																						NR				NR				NR				NR		76054		Waller,D.L., S.W. Fisher, and H. Dabrowska		Prevention of Zebra Mussel Infestation and Dispersal During Aquaculture Operations		Prog. Fish-Cult.58(2): 77-84		1996

		9003398		1-Ethenyl-2-pyrrolidinone, Homopolymer		Pagrus major		Red Sea Bream		Fish		S		U		SW		LAB		NR		Not Reported				0.5				NR				NR		d		LOEC				NR				NR				NR		--																														DEC				43.2				NR				NR		MOR		HTCH		F				10				NR				NR		% v/v																																						SIG		<		0.05				NR				NR		113092		Xiao,Z.Z., L.L. Zhang, X.Z. Xu, Q.H. Liu, J. Li, D.Y. Ma, S.H. Xu, Y.P. Xue, and Q.Z. Xue		Effect of Cryoprotectants on Hatching Rate of Red Seabream (Pagrus major) Embryos		Theriogenology70(7): 1086-1092		2008		Not North Ameerican species		Duration too short

		9003398		1-Ethenyl-2-pyrrolidinone, Homopolymer		Pagrus major		Red Sea Bream		Fish		S		U		SW		LAB		NR		Not Reported				0.5				NR				NR		d		LOEC				NR				NR				NR		--																														DEC				91.4				NR				NR		MOR		HTCH		F				10				NR				NR		% v/v																																						SIG		<		0.05				NR				NR		113092		Xiao,Z.Z., L.L. Zhang, X.Z. Xu, Q.H. Liu, J. Li, D.Y. Ma, S.H. Xu, Y.P. Xue, and Q.Z. Xue		Effect of Cryoprotectants on Hatching Rate of Red Seabream (Pagrus major) Embryos		Theriogenology70(7): 1086-1092		2008		Not North Ameerican species		Duration too short

		9003398		1-Ethenyl-2-pyrrolidinone, Homopolymer		Pagrus major		Red Sea Bream		Fish		S		U		SW		LAB		NR		Not Reported				0.5				NR				NR		d		NOEC				NR				NR				NR		--																														DEC				98.7				NR				NR		MOR		HTCH		F				5				NR				NR		% v/v																																						NOSIG		<		0.05				NR				NR		113092		Xiao,Z.Z., L.L. Zhang, X.Z. Xu, Q.H. Liu, J. Li, D.Y. Ma, S.H. Xu, Y.P. Xue, and Q.Z. Xue		Effect of Cryoprotectants on Hatching Rate of Red Seabream (Pagrus major) Embryos		Theriogenology70(7): 1086-1092		2008		Not North Ameerican species		Duration too short

		9003398		1-Ethenyl-2-pyrrolidinone, Homopolymer		Pagrus major		Red Sea Bream		Fish		S		U		SW		LAB		NR		Not Reported				0.5				NR				NR		d		NOEC				NR				NR				NR		--																														DEC				98.7				NR				NR		MOR		HTCH		F				5				NR				NR		% v/v																																						NOSIG		<		0.05				NR				NR		113092		Xiao,Z.Z., L.L. Zhang, X.Z. Xu, Q.H. Liu, J. Li, D.Y. Ma, S.H. Xu, Y.P. Xue, and Q.Z. Xue		Effect of Cryoprotectants on Hatching Rate of Red Seabream (Pagrus major) Embryos		Theriogenology70(7): 1086-1092		2008		Not North Ameerican species		Duration too short

		25655418		Polyvinyl pyrrolidoneiodine		Dunaliella euchlora		Green Algae		Algae, Moss, Fungi		S		U		SW		LAB		NR		Not Reported				10				NR				NR		d		NR-LETH				NR				NR				NR		--																														NR				100				NR				NR		MOR		MORT		F				100000				NR				NR		ug/L																																						NA				NA				NA				NA		8039		Ukeles,R.		Growth of Pure Cultures of Marine Phytoplankton in the Presence of Toxicants		Appl. Microbiol.10:532-537		1962

		25655418		Polyvinyl pyrrolidoneiodine		Pavlova lutheri		Chrysophyte		Algae, Moss, Fungi		S		U		SW		LAB		NR		Not Reported				10				NR				NR		d		NR-LETH				NR				NR				NR		--																														NR				100				NR				NR		MOR		MORT		F				100000				NR				NR		ug/L																																						NA				NA				NA				NA		8039		Ukeles,R.		Growth of Pure Cultures of Marine Phytoplankton in the Presence of Toxicants		Appl. Microbiol.10:532-537		1962

		25655418		Polyvinyl pyrrolidoneiodine		Dunaliella euchlora		Green Algae		Algae, Moss, Fungi		S		U		SW		LAB		NR		Not Reported				10				NR				NR		d		NR				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				50000				NR				NR		ug/L																																						NR				NR				NR				NR		8039		Ukeles,R.		Growth of Pure Cultures of Marine Phytoplankton in the Presence of Toxicants		Appl. Microbiol.10:532-537		1962

		25655418		Polyvinyl pyrrolidoneiodine		Phaeodactylum tricornutum		Diatom		Algae, Moss, Fungi		S		U		SW		LAB		NR		Not Reported				10				NR				NR		d		NR				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				50000				NR				NR		ug/L																																						NR				NR				NR				NR		8039		Ukeles,R.		Growth of Pure Cultures of Marine Phytoplankton in the Presence of Toxicants		Appl. Microbiol.10:532-537		1962

		25655418		Polyvinyl pyrrolidoneiodine		Micropterus salmoides		Largemouth Bass		Fish		S		U		FW		LAB		NR		Not Reported				0.0104				NR				NR		d		NR				NR				NR				NR		--																														NR				NR				NR				NR		MOR		HTCH		F				150000				NR				NR		ug/L																																						NR				NR				NR				NR		9941		Wright,L.D., and J.R. Snow		The Effect of Six Chemicals for Disinfection of Largemouth Bass Eggs		Prog. Fish-Cult.37(4): 213-217		1975		Duration too short

		25655418		Polyvinyl pyrrolidoneiodine		Micropterus salmoides		Largemouth Bass		Fish		S		U		FW		LAB		NR		Not Reported				0.0104				NR				NR		d		NR				NR				NR				NR		--																														NR				NR				NR				NR		MOR		HTCH		F				200000				NR				NR		ug/L																																						NR				NR				NR				NR		9941		Wright,L.D., and J.R. Snow		The Effect of Six Chemicals for Disinfection of Largemouth Bass Eggs		Prog. Fish-Cult.37(4): 213-217		1975		Duration too short

		25655418		Polyvinyl pyrrolidoneiodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.0104				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F		>		2000000				NR				NR		ug/L																																						NA				NA				NA				NA		5749		Amend,D.F.		Comparative Toxicity of Two Iodophors to Rainbow Trout Eggs		Trans. Am. Fish. Soc.103(1): 73-78		1974		Duration too short

		25655418		Polyvinyl pyrrolidoneiodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.0104				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F		>		2000000				NR				NR		ug/L																																						NA				NA				NA				NA		5749		Amend,D.F.		Comparative Toxicity of Two Iodophors to Rainbow Trout Eggs		Trans. Am. Fish. Soc.103(1): 73-78		1974		Duration too short

		25655418		Polyvinyl pyrrolidoneiodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.0104				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				1480000				1431000				1531000		ug/L																																						NA				NA				NA				NA		5749		Amend,D.F.		Comparative Toxicity of Two Iodophors to Rainbow Trout Eggs		Trans. Am. Fish. Soc.103(1): 73-78		1974		Duration too short

		25655418		Polyvinyl pyrrolidoneiodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.0104				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				1600000				1535000				1668000		ug/L																																						NA				NA				NA				NA		5749		Amend,D.F.		Comparative Toxicity of Two Iodophors to Rainbow Trout Eggs		Trans. Am. Fish. Soc.103(1): 73-78		1974		Duration too short

		25655418		Polyvinyl pyrrolidoneiodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.0104				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				1640000				1562000				1722000		ug/L																																						NA				NA				NA				NA		5749		Amend,D.F.		Comparative Toxicity of Two Iodophors to Rainbow Trout Eggs		Trans. Am. Fish. Soc.103(1): 73-78		1974		Duration too short

		25655418		Polyvinyl pyrrolidoneiodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.0104				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				260000				242000				278000		ug/L																																						NA				NA				NA				NA		5749		Amend,D.F.		Comparative Toxicity of Two Iodophors to Rainbow Trout Eggs		Trans. Am. Fish. Soc.103(1): 73-78		1974		Duration too short

		25655418		Polyvinyl pyrrolidoneiodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.0104				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				515000				475000				557000		ug/L																																						NA				NA				NA				NA		5749		Amend,D.F.		Comparative Toxicity of Two Iodophors to Rainbow Trout Eggs		Trans. Am. Fish. Soc.103(1): 73-78		1974		Duration too short

		25655418		Polyvinyl pyrrolidoneiodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				0.0417				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				1050000				990000				1113000		ug/L																																						NA				NA				NA				NA		5749		Amend,D.F.		Comparative Toxicity of Two Iodophors to Rainbow Trout Eggs		Trans. Am. Fish. Soc.103(1): 73-78		1974		Duration too short

		25655418		Polyvinyl pyrrolidoneiodine		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				35				NR				NR		d		NR				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				100000				NR				NR		ug/L																																						NR				NR				NR				NR		5749		Amend,D.F.		Comparative Toxicity of Two Iodophors to Rainbow Trout Eggs		Trans. Am. Fish. Soc.103(1): 73-78		1974

		25655418		Polyvinyl pyrrolidoneiodine		Mercenaria mercenaria		Northern Quahog Or Hard Clam		Molluscs; Standard Test Species		S		U		SW		LAB		NR		Not Reported				2				NR				NR		d		EC50				NR				NR				NR		--																														DEC				NR				NR				NR		DVP		GDVP		F				17100				NR				NR		ug/L																																						NA				NA				NA				NA		2400		Davis,H.C., and H. Hidu		Effects of Pesticides on Embryonic Development of Clams and Oysters and on Survival and Growth of the Larvae		Fish. Bull.67(2): 393-404		1969

		25655418		Polyvinyl pyrrolidoneiodine		Mercenaria mercenaria		Northern Quahog Or Hard Clam		Molluscs; Standard Test Species		R		U		SW		LAB		NR		Not Reported				12				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		F				34940				NR				NR		ug/L																																						NA				NA				NA				NA		2400		Davis,H.C., and H. Hidu		Effects of Pesticides on Embryonic Development of Clams and Oysters and on Survival and Growth of the Larvae		Fish. Bull.67(2): 393-404		1969

		25655418		Polyvinyl pyrrolidoneiodine		Mercenaria mercenaria		Northern Quahog Or Hard Clam		Molluscs; Standard Test Species		R		U		SW		LAB		NR		Not Reported				12				NR				NR		d		NR				NR				NR				NR		--																														CHG				NR				NR				NR		GRO		GGRO		F				NR				250				50000		ug/L																																						NR				NR				NR				NR		2400		Davis,H.C., and H. Hidu		Effects of Pesticides on Embryonic Development of Clams and Oysters and on Survival and Growth of the Larvae		Fish. Bull.67(2): 393-404		1969		Endpoint and effect conc. Not reported

		25655418		Polyvinyl pyrrolidoneiodine		Corbicula manilensis		Asiatic Clam		Molluscs; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		F		>		30000000				NR				NR		ug/L																																						NA				NA				NA				NA		418		Chandler,J.H.,Jr., and L.L. Marking		Toxicity of Fishery Chemicals to the Asiatic Clam, Corbicula manilensis		Prog. Fish-Cult.41(3): 148-151		1979

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				2190000				NR				NR		ug/L																																						NA				NA				NA				NA		285		Goettl,J.P.,Jr., J.R. Sinley, and P.H. Davies		Water Pollution Studies		Job Progress Report, Federal Aid Project F-33-R-9, DNR, Boulder, CO:96 p.		1974

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		S		U		FW		LAB		NR		Not Reported				4				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		F				896000*				NR				NR		ug/L																																						NA				NA				NA				NA		7303		Davies,P.H., and J.P.,Jr. Goettl		Evaluation of the Potential Impacts of Silver and/or Silver Iodide on Rainbow Trout in Laboratory and High Mountain Lake Environments		In: D.A.Klein (Ed.), Environmental Impacts of Artificial Ice Nucleating Agents, Dowden, Hutchinson and Ross Inc., Stroudsburg, PA:149-161		1978

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		IP		U		FW		LAB		NR		Not Reported				3				NR				NR		d		LD50				NR				NR				NR		--																														INC				NR				NR				NR		MOR		MORT		T				6.6				NR				NR		umol/g																																						NA				NA				NA				NA		4669		Eales,J.G., D.G. Cyr, and R.F. Cook		Effect of Excess Iodide on Thyroid Function of Rainbow Trout, Salmo gairdneri		Fish Physiol. Biochem.1(4): 171-177		1986		Intraperitoneal injection

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		IP		U		FW		LAB		NR		Not Reported				22				NR				NR		d		NR-ZERO				NR				NR				NR		--																														NEF				0				NR				NR		MOR		MORT		T				1				NR				NR		M																																						NA				NA				NA				NA		4669		Eales,J.G., D.G. Cyr, and R.F. Cook		Effect of Excess Iodide on Thyroid Function of Rainbow Trout, Salmo gairdneri		Fish Physiol. Biochem.1(4): 171-177		1986		Intraperitoneal injection

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		IP		U		FW		LAB		PL		Plasma				0.25				NR				NR		d		NR				NR				NR				NR		--																														INC				NR				NR				NR		ACC		RSDE		T				1				NR				NR		M																																						NOSIG		<		0.05				NR				NR		4669		Eales,J.G., D.G. Cyr, and R.F. Cook		Effect of Excess Iodide on Thyroid Function of Rainbow Trout, Salmo gairdneri		Fish Physiol. Biochem.1(4): 171-177		1986		Intraperitoneal injection

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		IP		U		FW		LAB		PL		Plasma				NR				0.25				1		d		NR				NR				NR				NR		--																														INC				NR				NR				NR		ACC		RSDE		T				1				NR				NR		M																																						NOSIG		<		0.05				NR				NR		4669		Eales,J.G., D.G. Cyr, and R.F. Cook		Effect of Excess Iodide on Thyroid Function of Rainbow Trout, Salmo gairdneri		Fish Physiol. Biochem.1(4): 171-177		1986		Intraperitoneal injection

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		IP		U		FW		LAB		PL		Plasma				NR				7				22		d		NR				NR				NR				NR		--																														INC				NR				NR				NR		ACC		RSDE		T				1				NR				NR		M																																						NR				NR				NR				NR		4669		Eales,J.G., D.G. Cyr, and R.F. Cook		Effect of Excess Iodide on Thyroid Function of Rainbow Trout, Salmo gairdneri		Fish Physiol. Biochem.1(4): 171-177		1986		Intraperitoneal injection

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		IP		U		FW		LAB		WO		Whole Organism				0.25				NR				NR		d		NR				NR				NR				NR		--																														DEC				NR				NR				NR		GRO		WGHT		T				1				NR				NR		M																																						SIG		<		0.05				NR				NR		4669		Eales,J.G., D.G. Cyr, and R.F. Cook		Effect of Excess Iodide on Thyroid Function of Rainbow Trout, Salmo gairdneri		Fish Physiol. Biochem.1(4): 171-177		1986		Intraperitoneal injection

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		IP		U		FW		LAB		WO		Whole Organism				NR				0.25				1		d		NR				NR				NR				NR		--																														DEC				NR				NR				NR		GRO		WGHT		T				1				NR				NR		M																																						NOSIG		<		0.05				NR				NR		4669		Eales,J.G., D.G. Cyr, and R.F. Cook		Effect of Excess Iodide on Thyroid Function of Rainbow Trout, Salmo gairdneri		Fish Physiol. Biochem.1(4): 171-177		1986		Intraperitoneal injection

		7681110		Potassium iodide		Oncorhynchus mykiss		Rainbow Trout		Fish; Standard Test Species; U.S. Threatened and Endangered Species		IP		U		FW		LAB		WO		Whole Organism				NR				7				22		d		NR				NR				NR				NR		--																														DEC				NR				NR				NR		GRO		WGHT		T				1				NR				NR		M																																						NR				NR				NR				NR		4669		Eales,J.G., D.G. Cyr, and R.F. Cook		Effect of Excess Iodide on Thyroid Function of Rainbow Trout, Salmo gairdneri		Fish Physiol. Biochem.1(4): 171-177		1986		Intraperitoneal injection

		7681110		Potassium iodide		Dreissena polymorpha		Zebra Mussel		Molluscs; U.S. Exotic/Nuisance Species		S		U		FW		LAB		NR		Not Reported				1				NR				NR		d		LC50				NR				NR				NR		--																														NR				NR				NR				NR		MOR		MORT		T				226000				220000				313000		ug/L																																						NA				NA				NA				NA		11011		Fisher,S.W., P. Stromberg, K.A. Bruner, and L.D. Boulet		Molluscicidal Activity of Potassium to the Zebra Mussel, Dreissena polymorphia: Toxicity and Mode of Action		Aquat. Toxicol.20:219-234		1991		Duration too short






Povidone-iodine (PVP-I)

CAS ID:  25655-41-8 (Povidone-iodine); 9003-39-8 (Povidone); 88-12-0 (1-ethenyl-2-pyrrolidone, 1-vinyl-2-pyrrolidone); 7553-56-2 (Iodine)

Chemical formula:  (C6H9I2NO)n . Ix

Synonyms / Trade names:  Polyvinylpyrrolidone-iodine, PVP-I, Argentyne, Ovadine, Iodophor, Betadine

Chemical composition:  Povidone-iodine is a complex consisting of a synthetic organic polymer (povidone, also called polyvinylpyrrolidone or PVP) that serves to disperse elemental iodine into water.  Povidone polymer (EPA 2006) can have molecular weights ranging between 10,000 – 1,000,000 amu (atomic mass units).  The monomer used in the synthesis of povidone polymer is 1-ethenyl-2-pyrrolidone, chemical formula C6H9NO.  Commercial povidone-iodine solutions used at fish hatcheries contain 10% dry weight iodine (range 9 – 12%) dissolved in water, in which the povidone-iodine complex is freely soluble.  Povidone-iodine itself is a white solid at room temperature.  Commercially available products may contain a small amount of pH buffering material, because the release of elemental iodine can result in acidification of water, as described in the environmental fate section for povidone-iodine.

Hatchery use:  Primary use is as a bath treatment to disinfect fish eggs prior to hatch.  The commercially available 10% povidone-iodine solution is diluted before use in disinfecting fish eggs.  The diluted solution to which fish eggs are exposed contains 50 – 100 mg/L iodine.  Povidone-iodine is effective against many bacterial, fungal and viral infections.  A secondary, less common use is to disinfect boots and other small pieces of equipment.

Measures of Exposure:

Povidone-iodine (PVP-I) is classified as a low regulatory priority aquaculture drug by the FDA (2011).  It is not used in the sections of hatchery facilities containing larval, juvenile or adult fish that discharge to surface waters.  With respect to fish, PVP-I is only used to treat fish eggs during or after water hardening of the eggs, after which the solution is discarded, generally to land treatment.  Exposure durations of eggs to PVP-I are short, on the order of 10 minutes (AFS 2011).  Although the AFS (2011) recommended exposure duration and exposure concentration are 10 minutes at 100 mg/L available iodine for disinfection of fish eggs, the actual exposure durations and concentrations to which fish eggs are exposed, as well as disposal practices vary somewhat among Washington hatcheries.  

As the use and disposal practices of PVP-I when used to disinfect small pieces of equipment or gear may also vary among hatcheries, the potential amount of PVP-I discharge from this use is unknown but likely low.  Given that the conceptual site model (Figure ???) for this evaluation considers all chemicals used in baths have at least a potential to be released to surface waters, EPA has chosen to evaluate the potential for risks to ESA listed species in surface waters from exposure to PVP-I.

The remainder of this measures of exposure assessment will evaluate two aspects that combined define the exposure of ESA listed species to PVP-I in the environment:  its environmental fate once released into the environment, and its expected environmental concentration.

Environmental Fate of Povidone-iodine

This section will describe the expected environmental fate of three chemicals:

1. The parent povidone-iodine complex

2. Povidone, present after it has released its complexed iodine

3. Iodine

Povidone-iodine

The parent compound used in disinfection of fish eggs, povidone-iodine (PVP-I), is a water soluble complex of a synthetic organic polymer (polyvinylpyrrolidone or PVP) which binds a number of triiodide (I3-) anions.  Triiodide bound within the polymer is converted to free molecular iodine (I2) and povidone polymer when a 10% solution of povidone-iodine is diluted in water.  Molecular iodine is one of the two chemical forms of iodine believed responsible for the disinfecting properties of iodine.  The release and conversion of the bound triiodide within povidone-iodine to molecular iodine within water is not instantaneous, but rather occurs over a period of minutes.  EPA has been unable to find specific information on the reaction rate for the conversion of triiodide to molecular iodine.  But considering the recommended exposure duration of fish eggs to PVP-I is 10 minutes (AFS 2011), and that diluted PVP-I solutions are only used once to treat eggs, then discarded, is evidence that the conversion of bound triiodide to free molecular iodine is essentially complete within 10 minutes. 

A detailed description of the reactions of PVP-I in water is given in a review (Gottardi 2001) of the environmental fate of iodine compounds used in disinfection.  Povidone-iodine (10%) diluted in water results in an increase (not a decrease as would normally be expected) in the concentration of molecular iodine in the water.  The maximum molecular iodine in water concentration is reached at approximately 0.1% PVP-I in water (1000 mg/L), although the amount of molecular iodine present in a 0.01% PVP-I solution (100 mg/L, the recommended exposure concentration for disinfecting fish eggs) is not substantially lower than that in the 0.1% PVP-I dilution.  Upon further dilution below 0.01% PVP-I, the amount of molecular iodine in water also begins to decrease.

	Povidone

The definitive study of the environmental fate of povidone in surface water appears to be that of Trimpin et al. (2001).  Trimpin et al. (2001) dissolved 10 mg/L of povidone in a fixed bed reactor, through which Rhine River water flowed for 30 days.  After 30 days, no oxidation of the terminal hydroxyl groups of the polymer was observed.  Nor were any changes in the repeating units of the polymer itself observed.  Trimpin et al. (2001) concluded that povidone was unlikely to degrade in the environment, and further concluded that its likely ultimate environmental fate would be sorption onto solid products.  The recalcitrance of povidone polymer to biodegradation was confirmed by Julinova et al. (2013), who attempted with minimal success to increase the biodegradation of povidone in wastewater treatment plants.

Because povidone does not appear to biodegrade in the environment, it appears unlikely that any of the monomer from which povidone is synthesized (1-ethenyl-2-pyrrolidone) is present in receiving waters due to degradation of PVP-I used at fish hatcheries.

	Iodine

Iodine is a chemical element, atomic number 53, atomic weight 126.9.  In addition to its disinfectant properties, it is also the heaviest element known to be nutritionally essential for life.  Iodine is required for the synthesis of the thyroid hormones thyroxine and triiodothyronine.

As a halogen element, the chemical properties and environmental fate of iodine are similar to those of chlorine (Section ???), although apparently not as well studied as chlorine.  There are at least 10 chemical forms of iodine that can be present in water, although a number of them are found at only extremely low concentrations under the circumneutral pH conditions between pH 6.5 – 9.0 of most surface waters.  Molecular elemental iodine (I2) and hydriodic acid (HOI) are the only two chemical forms of iodine believed to exhibit disinfecting properties (Gottardi 2001).

At least 10 different chemical species of iodine are present in freshwater, most of which are present to some extent at pH 6 or greater.  Chemical forms of iodine known to be present in freshwater include:



These 10 chemical forms of iodine undergo at least nine different chemical equilibrium reactions (Gottardi 2001).



















Elemental iodine (I2) itself has relatively poor water solubility, with a maximum solubility of 338.3 mg/L at 25°C at pH 5 (Gottardi 2001).  The water solubility of elemental iodine is greatly increased by addition of iodide anion (I-), the basis for the well known disinfectant known as Lugol’s solution.  Binding of iodine with povidone polymer provides for the release of elemental iodine at the concentration required to disinfect fish eggs during hatchery operations.

Expected Environmental Concentration (EEC) of Povidone-Iodine

The desired concentration of elemental iodine, the active ingredient used to disinfect fish eggs in trays or other egg rearing devices at hatcheries, is between 50 – 100 mg/L.  Iodine constitutes, on average, 10% by weight of the total mass of povidone-iodine added to water as a disinfectant.  The total concentration of povidone-iodine, which includes both the povidone polymer and elemental iodine, would therefore be in the range of 500 – 1000 mg/L.  Without any dilution, this is the maximum concentration of povidone-iodine that would be found in the receiving water environment where the T&E species under evaluation are found.  Based on communications with Washington hatcheries, a number of hatcheries discharge spent egg disinfecting solutions via land disposal.  If spent PVP-I solutions are discharged at all to surface waters, they would first be substantially diluted before discharge.

The desired treatment concentration of iodine at all 13 Washington hatcheries that currently report its use is 100 mg/L as iodine.  Since elemental iodine constitutes 10% by weight of povidone-iodine, the desired treatment concentration of povidone-iodine is 10 times the iodine treatment concentration, or 1000 mg/L PVP-I.  Four of the 13 hatcheries using PVP-I have provided EPA with the annual and daily use rates, volumes, and hatchery discharge volumes necessary to calculate EECs for both PVP-I and elemental iodine.  They are the Carson and Quilcene National Fish Hatcheries, the Skookum Creek Fish Hatchery and the Chief Joseph – Columbia Hatchery. This information permits us to calculate the expected environmental concentration (EEC) of both PVP-I and elemental iodine in water at the point where the hatchery discharges into a receiving water (i.e. the end of pipe chemical concentration).  This end of pipe concentration is used as a conservative estimate of the chemical concentration in receiving waters prior to any dilution of hatchery discharges by the receiving body of water.  This EEC calculation also does not take into account any degradation of either PVP-I or elemental iodine described in the environmental fate portion of this Measures of Exposure section.

As described in the Problem Formulation section of the methodology used in this BE, the EEC is calculated as follows, based on procedures described in Schmidt et al. (2007).



Where:	EEC = Expected environmental concentration (mg/L or µg/L)

	C = Treatment concentration of chemical in the hatchery (mg/L or µg/L)

	V = Volume of chemical used (gallons/day)

	F = Volume of water discharged from hatchery to receiving water (gallons/day)

	E = Effluent pond volume (gallons)

For the purposes of calculating conservative EECs, EPA has assumed that the effluent pond volume is zero.  Under the lowest and highest daily hatchery discharges from the Carson, Skookum, Quilcene and Chief Joseph-Columbia hatcheries, the ranges of EECs based on their PVP-I use patterns and rates are presented in Table PVP-???, along with the calculated EEC for each of the hatchery discharge volumes.

Table PVP-???.  Range of EEC values for discharge of povidone-iodine concentrations to receiving waters under lowest and highest daily hatchery discharge volumes to receiving water.

		Hatchery

		PVP-I Use

Gallons/year

		PVP-I Use

Gallons/day

		PVP-I Use

Days/year

		Discharge

Gallons/day

		PVP-I Treatment

µg/L

		EEC

µg/L



		Carson – low

		4

		0.98

		4

		15,399,360

		1,000,000

		0.064



		Carson – high

		4

		0.98

		4

		39,566,800

		1,000,000

		0.025



		Skookum – low

		45

		0.24

		188

		1,371,184

		1,000,000

		0.178



		Skookum – high

		45

		0.24

		188

		8,732,160

		1,000,000

		0.028



		Quilcene - low

		26

		0.09

		289

		59,305

		1,000,000

		1.47



		Quilcene - high

		26

		0.09

		289

		31,966,747

		1,000,000

		0.0027



		Chief Joseph - low

		35

		0.19

		184

		12,417,120

		1,000,000

		0.015



		Chief Joseph - high

		35

		0.19

		184

		16,872,720

		1,000,000

		0.011







The highest and lowest EEC values from Table PVP-??? (1.47 and 0.0027 µg/L, highlighted in green) are used as the EEC range for the remaining hatcheries that did not provide the information needed to derive EECs.  This range of EECs is assumed for the remaining hatcheries irregardless of whether their discharge is into freshwater, estuarine or marine systems.  No Washington hatcheries currently have empirical data on PVP-I concentrations in their discharges to surface waters.

The EEC concentrations from Table PVP-??? will be compared to the chronic NOEC estimates calculated in the Measures of Effect section.  This comparison will take place in the Risk Characterization section to estimate ecological risks to T&E species exposed to povidone-iodine discharges from hatcheries in Washington.

Expected Environmental Concentration (EEC) of Elemental Iodine

The desired concentration of elemental iodine, the active ingredient used to disinfect fish eggs in trays or other egg rearing devices at hatcheries, is between 50 – 100 mg/L.  Without any dilution, this is the maximum concentration of elemental iodine that would be found in the receiving water environment where the T&E species under evaluation are found.  Based on communications with Washington hatcheries, a number of hatcheries discharge spent egg disinfecting solutions via land disposal.  If spent PVP-I solutions are discharged at all to surface waters, they would first be substantially diluted before discharge.

The elemental iodine EECs are calculated in the same manner as were the PVP-I EECs in the previous section, with the exception of a starting iodine concentration of 100 mg/L (= 100,000 µg/L), instead of the 1000 mg/L PVP-I initial treatment concentration.  Data from the same four hatcheries (Carson, Skookum, Quilcene and Chief Joseph – Columbia) were used in the calculation of both povidone-iodine and elemental iodine EECs.  Elemental iodine EECs are presented in Table PVP-?

Table PVP-?.  Range of EEC values for discharge of elemental iodine concentrations to receiving waters under lowest and highest daily hatchery discharge volumes to receiving water.

		Hatchery

		PVP-I Use

Gallons/year

		PVP-I Use

Gallons/day

		PVP-I Use

Days/year

		Discharge

Gallons/day

		Iodine Treatment

µg/L

		EEC

µg/L



		Carson – low

		4

		0.98

		4

		15,399,360

		100,000

		0.0064



		Carson – high

		4

		0.98

		4

		39,566,800

		100,000

		0.0025



		Skookum – low

		45

		0.24

		188

		1,371,184

		100,000

		0.0178



		Skookum – high

		45

		0.24

		188

		8,732,160

		100,000

		0.0028



		Quilcene - low

		26

		0.09

		289

		59,305

		100,000

		0.147



		Quilcene - high

		26

		0.09

		289

		31,966,747

		100,000

		0.00027



		Chief Joseph - low

		35

		0.19

		184

		12,417,120

		100,000

		0.0015



		Chief Joseph - high

		35

		0.19

		184

		16,872,720

		100,000

		0.0011







The highest and lowest EEC values from Table PVP-? (0.147 and 0.00027 µg/L, highlighted in green) are used as the iodine EEC range for the remaining hatcheries that did not provide the information needed to derive EECs.  This range of iodine EECs is assumed for the remaining hatcheries irregardless of whether their discharge is into freshwater, estuarine or marine systems.  No Washington hatcheries currently have empirical data on elemental iodine concentrations in their discharges to surface waters.

The iodine EEC concentrations from Table PVP-? will be compared to the chronic NOEC estimates calculated in the Measures of Effect section.  This comparison will take place in the Risk Characterization section to estimate ecological risks to T&E species exposed to elemental iodine discharges from hatcheries in Washington.

Measures of Effect:

For fully aquatic species, the available toxicity data was identified from a search in EPA’s ECOTOX database (http://cfpub.epa.gov/ecotox/).  Searches were performed on the following chemical forms of povidone iodine, povidone and iodine:

· Povidone iodine, CAS ID 25655-41-8

· Povidone, CAS ID 9003-39-8

· 1-ethenyl-2-pyrrolidone, 1-vinyl-2-pyrrolidone (both with CAS ID 88-12-0)

· Iodine, CAS ID 7553-56-2

· Iodide, CAS ID 20461-54-5

· Hydriodic acid, CAS ID 10034-85-2

· Triiodide, CAS ID 14900-04-0

· Potassium iodide (most common inorganic iodide salt), CAS ID 7681-11-0

A combined total of 69 toxicity records were identified from the above search.  These results are presented in Appendix ???, Table ???

· Iodine (N = 35):  7 for Daphnia magna, 1 for zebra mussel, 4 for bluegill, 12 for channel catfish, 1 for guppy, 10 for rainbow trout

· 1-ethenyl-2-pyrrolidone (N = 4):  4 for Red Sea bream

· Povidone iodine (N = 19):  2 for Dunaliella euchlora, 1 for Pavlova lutheri, 1 for Phaeodactylum tricornutum, 1 for Asiatic clam, 3 for quahog, 9 for rainbow trout, 2 for largemouth bass

· Potassium iodide (N = 11):  10 for rainbow trout, one for zebra mussel

Of the available toxicity data, the only information on a T&E species under evaluation in this BE is for rainbow trout.  We have evaluated the toxicity of two different chemical forms:  the parent povidone iodine, and elemental iodine (I2).  The available rainbow trout data permits us to estimate the toxicity of both povidone iodine and elemental iodine to all ESA listed salmonid species in Washington using the methodologies described under the problem formulation section of this BE, specifically using ICE models.

	Toxicity of Povidone Iodine (PVP-I)

No toxicity studies meeting EPA requirements for use in developing aquatic life criteria are available for povidone iodine.  Of the available data, the most useful in evaluating potential povidone iodine toxicity to T&E species in receiving waters is a chronic 35 day exposure of rainbow trout eggs and fry to the commercial povidone iodine product Betadine® (Amend 1974).

Amend (1974) exposed rainbow trout eggs from fertilization to hatch of fry using a pulsed exposure experimental design.  Specifically, four weekly 15 minute exposures of fertilized rainbow trout eggs to PVP-I at a concentration of 100 mg/L elemental iodine were performed.  This exposure scenario resulted in a much longer exposure time of eggs to PVP-I than is normally employed by hatcheries, and exposure of eggs at developmental stages normally not exposed to PVP-I under standard hatchery operating conditions.  Amend (1974) observed no adverse effect on eggs or fry after hatching from this exposure scenario.

As Amend (1974) evaluated povidone iodine effects over a 35 day period, with exposures of longer duration than normally used at hatcheries, we consider this study to be of chronic duration.  Thus, the reported 35-day chronic NOEC concentration of 100,000 µg/L povidone iodine is considered to be the chronic NOEC for steelhead under the pulsed exposure conditions in Amend (1974).  

Because no empirical toxicity data for any other T&E fish species in Washington exists for povidone iodine, we used the rainbow trout chronic NOEC of 100,000 µg/L from Amend (1974) as input to the Interspecies Correlation Estimation (ICE) model to estimate toxicity to the other five T&E salmonids in Washington.

Output of all ICE models run with povidone-iodine for the T&E species, genera or family with available data in ICE is shown in Table PI-1.  Using the ICE model selection guidelines set forth in the problem formulation, models used to estimate chronic NOEC’s for salmonid species are highlighted in green and bolded in Table PI-1  The remaining ICE models, with poorer predictive ability and which were not selected as the source of chronic NOEC’s, are shown in red in Table PI-1.  As described in the problem formulation, the lower 95% confidence interval of the predicted chronic NOEC, if available, is used as the chronic NOEC in this BE.  All ICE models used for povidone-iodine generated lower 95% confidence intervals of the chronic NOEC, and are shown in this section.  No information is available in ICE for any of the T&E rockfish species, genera or families in Washington (bocaccio, canary rockfish, yelloweye rockfish).  Therefore, PVP-I effects on rockfish cannot be quantitatively evaluated, and must be considered as an uncertainty in this BE.

The final selected chronic NOEC values for bull trout, Chinook salmon, chum salmon, coho salmon, sockeye salmon and steelhead that were compared to the expected environmental concentration of povidone-iodine in receiving water environments are summarized in Table PI-2.

Table PI-2.  Chronic no effect concentrations (NOEC) for povidone-iodine

		Species

		Chronic NOEC (µg/L)

		Source of chronic NOEC



		Bull trout

		52,911

		ICE model – family level



		Chinook salmon

		41,731

		ICE model – species level



		Chum salmon

		52,911

		ICE model – family level



		Coho salmon

		52,911

		ICE model – family level



		Sockeye salmon

		52,911

		ICE model – family level



		Steelhead

		100,000

		Empirical data (Amend 1974)







	Toxicity of Elemental Iodine (I2)

No toxicity studies meeting EPA requirements for use in developing aquatic life criteria are available for elemental iodine.  Of the available data (Appendix ???, Table ???), the most useful in evaluating potential iodine toxicity to T&E species in receiving waters is a 96 hour LC50 survival study of the toxicity of three iodine chemical species (elemental iodine, iodide anion and iodate anion) stable in water to rainbow trout fry (Laverock et al. 1995).  The Laverock et al. (1995) study is well designed, its two primary shortcomings are that rainbow trout were exposed to iodine under static as opposed to flow through exposure conditions, and limitations of the analytical chemistry methods for iodine.

Several 96 hour LC50 endpoints are available in Laverock et al. (1995), as they evaluated the effects of water hardness, total organic carbon and chloride concentrations on the toxicity of iodine.  The lowest 96 hour LC50 of 530 µg/L was used as the starting point for estimating the chronic NOEC value for rainbow trout (steelhead), as well as input into ICE models to estimate chronic NOEC values for the remaining T&E salmonid species.  The 530 µg/L short term acute value for rainbow trout was converted into a chronic NOEC by first dividing 530 µg/L by 2.27 to obtain an LCLOW value of 233 µg/L.  In the absence of an iodine specific acute-chronic ratio (ACR) for any species, the default national median ACR of 8.3 (Raimondo et al. 2007) was used to convert the LCLOW to a chronic NOEC value of 28.1 µg/L elemental iodine.

Because no empirical toxicity data for any other T&E fish species in Washington exists for elemental iodine, we used the rainbow trout estimated chronic NOEC of 28.1 µg/L derived from the LC50 of 530 µg/L from Laverock et al. (1995) as input to the Interspecies Correlation Estimation (ICE) model to estimate toxicity to the other five T&E salmonids in Washington.

Output of all ICE models run with iodine for the T&E species, genera or family with available data in ICE is shown in Table PI-3.  All estimated effect concentrations in Table PI-3 are acute toxicity values, not the final chronic NOEC values used in risk characterization to estimate risks to T&E fish species.  Using the ICE model selection guidelines set forth in the problem formulation, models used as the basis to estimate chronic NOEC’s for salmonid species are highlighted in green and bolded in Table PI-3.  The remaining ICE models, with poorer predictive ability and which were not selected as the source of LC50s used to estimate chronic NOEC’s are shown in red in Table PI-3.  As described in the problem formulation, the lower 95% confidence interval of the predicted LC50, if available, is used to calculate the chronic NOEC in this BE.  All ICE models used for iodine generated lower 95% confidence intervals of the LC50, and are shown in this section.  No information is available in ICE for any of the T&E rockfish species in Washington (bocaccio, canary rockfish, yelloweye rockfish).  Therefore, elemental iodine effects on rockfish cannot be quantitatively evaluated, and must be considered as an uncertainty in this BE.

The final selected chronic NOEC values for bull trout, Chinook salmon, chum salmon, coho salmon, sockeye salmon and steelhead that were compared to the expected environmental concentration of povidone-iodine in receiving water environments are summarized in Table PI-4.

Table PI-4.  Chronic no effect concentrations (NOEC) for elemental iodine

		Species

		Chronic NOEC (µg/L)

		Source of chronic NOEC



		Bull trout

		25.4

		ICE model – family level



		Chinook salmon

		23.1

		ICE model – species level



		Chum salmon

		25.4

		ICE model – family level



		Coho salmon

		34.3

		ICE model – species level



		Sockeye salmon

		25.4

		ICE model – family level



		Steelhead

		28.1

		Empirical acute data (Laverock et al. 1995)









Risk Characterization:  Povidone-Iodine

	Risks to T&E Fish Species from Povidone-Iodine

Risks to T&E fish species for which toxic concentrations of povidone-iodine can be identified from the literature are calculated using a standard ecological risk assessment hazard quotient approach.  In the hazard quotient approach, the estimated environmental concentration is divided by the chronic NOEC for each T&E species to calculate a hazard quotient.  Hazard quotients less than 1.0 are indicative of acceptable levels of ecological risk.  In the context of this BE, an acceptable ecological risk is represented as an EEC which, if not exceeded, results in no discernable effect on the survival, reproduction and growth of a T&E species.  Note that acceptable EEC values vary between species.  

[bookmark: _GoBack]Hazard quotients greater than or equal to 1.0 are indicative of a potential for unacceptable ecological risks to T&E species.  

Hazard quotients for the six T&E salmonid species for which toxicity data is available or could be estimated are presented in Table PVP-HQ.  Hazard quotients were calculated using the EEC generated from the lowest and highest daily discharge from the Quilcene hatchery, which results in the largest EEC range to which T&E species could be exposed.

Table PVP-HQ.  Hazard quotients (HQ) for T&E species exposed to the range of estimated environmental concentrations (EEC) of povidone-iodine discharged by hatcheries.

		Species

		EEC range (µg/L)

		Chronic NOEC (µg/L)

		Hazard quotient range



		Bull trout

		0.0027 – 1.47

		52,911

		5.1 x 10-8 – 2.8 x 10-5



		Chinook salmon

		0.0027 – 1.47

		41,731

		6.5 x 10-8 – 3.5 x 10-5



		Chum salmon

		0.0027 – 1.47

		52,911

		5.1 x 10-8 – 2.8 x 10-5



		Coho salmon

		0.0027 – 1.47

		52,911

		5.1 x 10-8 – 2.8 x 10-5



		Sockeye salmon

		0.0027 – 1.47

		52,911

		5.1 x 10-8 – 2.8 x 10-5



		Steelhead

		0.0027 – 1.47

		100,000

		2.7 x 10-8 – 1.5 x 10-5







All hazard quotients in Table PVP-HQ are substantially lower than 1.0, indicative of acceptable levels of ecological risk to the species under all hatchery discharge scenarios.  Note that the EEC values do not take into account any degradation of environmental concentrations of povidone-iodine.  

	Risks to Potential Prey of T&E Species from Povidone-Iodine

Limited information is available on the toxicity of povidone-iodine to other aquatic species (Appendix ???, Table ???).  In addition to the empirical rainbow trout toxicity data, empirical adverse effect toxicity data for povidone-iodine exists for four algal species (Ukeles 1962), two clam species and a second fish species, largemouth bass (Wright and Snow 1975).  The algal studies were run for 10 days, and can be considered chronic effect concentrations for algal species with short generation times.  The clam studies (Chandler and Marking 1979, Davis and Hidu 1969) were of short duration (2 – 12 days), as was the largemouth bass study (15 minutes), and were treated as short term acute studies.  Results of these studies were converted to chronic no effect concentrations using the procedures described in the problem formulation, including the results of the largemouth bass study of Wright and Snow (1975), which reported no effect on egg hatchability after a 15 minute treatment of eggs with Betadine.  Chronic NOEC concentrations of povidone-iodine to prey of T&E species is summarized in Table PI-5.

Table PI-5.  Toxicity of Povidone-Iodine to Prey of T&E Listed Species

		Organism Type

		Chronic NOEC range (µg/L)



		Algae

		50,000 – 100,000



		Aquatic macrophytes

		No data



		Aquatic invertebrates

		908 - >1,592,272



		     Aquatic insects

		No data



		     Crustaceans

		No data



		     Zooplankton

		No data



		     Molluscs

		908 - >1,592,272



		     Others (e.g. oligochaetes, etc.)

		No data



		Amphibians

		No data



		Fish

		24,096 - >102,449







Chronic NOEC concentrations for four algal species appear comparable to those for the two fish species with empirical toxicity data for povidone-iodine.  Available data for the two clam species, quahog (Mercenaria mercenaria) and Asiatic clam (Corbicula manilensis) indicates a wide range of sensitivity between these two species.  The low end of the mollusc chronic NOEC range in Table PI-5 is derived from a 48 hour EC50 concentration of 17,100 µg/L reducing growth and development of quahog (Davis and Hidu 1969).  The high end of the mollusc chronic NOEC range is derived from a 96 hour LC50 survival study by Chandler and Marking (1979) on the Asiatic clam Corbicula manilensis. 

Based on the maximum EEC of 1.47 µg/L povidone-iodine, the highest hazard quotient for any prey species for which empirical PVP-I toxicity data is available is a HQ = 0.0016 for quahog, based on the results of the Davis and Hidu (1969) study.  As the quahog and all other potential prey species hazard quotient for PVP-I is lower than 1.0, we conclude that povidone-iodine releases from Washington hatcheries is unlikely to adversely affect prey species of T&E fish species.

	Uncertainty Analysis of Povidone-Iodine Risk Characterization

All four types of uncertainty (variation, model uncertainty, decision rule uncertainty and true unknowns) described in the problem formulation are present in this povidone-iodine evaluation.  By far the largest uncertainty in this evaluation is the complete absence of toxicity data in the literature that would permit a quantitative evaluation of risks to T&E eulachon and rockfish species from povidone-iodine use at fish hatcheries.  This type of uncertainty is a true unknown in this BE.

Variation of expected environmental concentrations in hatchery discharges and receiving waters is also a large source of uncertainty in this analysis.  This is because the use pattern of PVP-I (disinfection of fish eggs) occurs only during a small portion of a year.  The time of year during which PVP-I is potentially discharged to receiving waters varies among hatcheries, as different fish species spawn and produce eggs at different times of the year.  This use pattern means that during much of the year, povidone-iodine is not released from a hatchery.  Variation also is expressed in the confidence limits surrounding statistically reduced expressions of the empirical toxicity data (e.g. LC50, EC50, etc.).  Confidence limits describe random variation around the central tendency response of laboratory organisms exposed to chemicals in toxicity tests.

Model uncertainty in the ICE models is described by the percent cross-validation success statistic.  According to Raimondo et al. (2013), the percent cross-validation success rate for each model is the proportion of data points that are predicted within 5-fold of the actual LC50 value.  There is a strong relationship between taxonomic distance and cross-validation success rate, with uncertainty generally, although not always increasing with larger taxonomic distance.  Maximizing the value of the cross-validation statistic was a primary determinant of which of multiple ICE models were used to estimate toxicity values in this BE for species where no empirical toxicity data exists for a chemical-species pair.

Risk Characterization:  Elemental Iodine

Risks to T&E Fish Species from Elemental Iodine

Hazard quotients for the six T&E salmonid species for which toxicity data is available or could be estimated are presented in Table I2-HQ.  Hazard quotients were calculated using the EEC generated from the lowest and highest daily discharge from the Quilcene hatchery, which results in the largest EEC range to which T&E species could be exposed.

Table I2-HQ.  Hazard quotients (HQ) for T&E species exposed to the range of estimated environmental concentrations (EEC) of elemental iodine discharged by hatcheries.

		Species

		EEC range (µg/L)

		Chronic NOEC (µg/L)

		Hazard quotient range



		Bull trout

		0.00027 – 0.147

		25.4

		0.000011 – 0.0058



		Chinook salmon

		0.00027 – 0.147

		23.1

		0.000012 – 0.0064



		Chum salmon

		0.00027 – 0.147

		25.4

		0.000011 – 0.0058



		Coho salmon

		0.00027 – 0.147

		34.3

		0.0000079 – 0.0043



		Sockeye salmon

		0.00027 – 0.147

		25.4

		0.000011 – 0.0058



		Steelhead

		0.00027 – 0.147

		28.1

		0.0000096 – 0.0052







All hazard quotients in Table I2-HQ are substantially lower than 1.0, indicative of acceptable levels of ecological risk to the species under all hatchery discharge scenarios.  Note that the EEC values do not take into account any reduction of environmental concentrations of elemental iodine to iodide or other reduced forms.

	Risks to Potential Prey of T&E Species from Elemental Iodine

Limited information is available on the toxicity of elemental iodine to other aquatic species (Appendix ???, Table ???).  In addition to the empirical rainbow trout toxicity data, empirical adverse effect on survival data for iodine exists for the zooplankton species Daphnia magna (Laverock et al. 1995), and three fish species in addition to rainbow trout:  bluegill (EPA 2013), channel catfish (LeValley 1982), and the guppy Poecilia reticulata (Yarzhombek et al. 1991).  One no effect three day study on survival of the zebra mussel (Waller et al. 1996) exposed to iodine also exists.  No chronic growth or reproductive toxicity data was found for elemental iodine for any species.

All of the available elemental iodine toxicity data are considered by EPA to be short term acute studies.  All but one of the available iodine toxicity studies had exposure durations of 96 hours (4 days) or less.  One rainbow trout study had an exposure duration of 14 days.  As the available iodine toxicity data are all short term acute studies, their results were converted into chronic NOEC concentrations by the procedure described in the problem formulation:  dividing a concentration causing acutely toxic effects on survival by 2.27 to estimate an LCLOW, then dividing the LCLOW by the default acute-chronic ratio of 8.3 (Raimondo et al. 2007) to estimate a chronic NOEC.

The range of chronic NOEC concentrations for potential prey species of T&E fish species in Washington is presented in Table PI-6.

Table PI-6.  Toxicity of Elemental Iodine to Prey of T&E Listed Species

		Organism Type

		Chronic NOEC range (µg/L)



		Algae

		No data



		Aquatic macrophytes

		No data



		Aquatic invertebrates

		8.5 – 200,000



		     Aquatic insects

		No data



		     Crustaceans

		8.5



		     Zooplankton

		8.5



		     Molluscs

		200,000



		     Others (e.g. oligochaetes, etc.)

		No data



		Amphibians

		No data



		Fish

		19.3 - 159







The most sensitive prey species for which empirical iodine toxicity data is available is the cladoceran Daphnia magna.  Assuming Daphnia is exposed to the maximum elemental iodine EEC of 0.147 µg/L, the maximum Daphnia hazard quotient is 0.017.  As the highest prey species hazard quotient is lower than 1.0, we have concluded that elemental iodine releases from Washington hatcheries are unlikely to adversely affect prey species of T&E fish species.

Uncertainty Analysis of Elemental Iodine Risk Characterization

All four types of uncertainty (variation, model uncertainty, decision rule uncertainty and true unknowns) described in the problem formulation are present in this elemental iodine evaluation.  By far the largest uncertainty in this evaluation is the complete absence of toxicity data in the literature that would permit a quantitative evaluation of risks to T&E eulachon and rockfish species from iodine use at fish hatcheries.  This type of uncertainty is a true unknown in this BE.

Variation of expected environmental concentrations in hatchery discharges and receiving waters is also a large source of uncertainty in this analysis.  This is because the use pattern of elemental iodine released from PVP-I (disinfection of fish eggs) occurs only during a small portion of a year.  The time of year during which iodine is potentially discharged to receiving waters varies among hatcheries, as different fish species spawn and produce eggs at different times of the year.  This use pattern means that during much of the year, elemental iodine is not released from a hatchery.  Variation also is expressed in the confidence limits surrounding statistically reduced expressions of the empirical toxicity data (e.g. LC50, EC50, etc.).  Confidence limits describe random variation around the central tendency response of laboratory organisms exposed to chemicals in toxicity tests.

Model uncertainty in the ICE models is described by the percent cross-validation success statistic.  According to Raimondo et al. (2013), the percent cross-validation success rate for each model is the proportion of data points that are predicted within 5-fold of the actual LC50 value.  There is a strong relationship between taxonomic distance and cross-validation success rate, with uncertainty generally, although not always increasing with larger taxonomic distance between two species.  Maximizing the value of the cross-validation statistic was a primary determinant of which of multiple ICE models were used to estimate toxicity values in this BE for species where no empirical toxicity data exists for a chemical-species pair.

Effect Determinations of Povidone-Iodine on T&E Species

Based on all chronic NOEC concentrations for six T&E salmonid species being substantially higher than the estimated environmental concentrations of povidone-iodine released from hatcheries, EPA has made the following effect determinations for povidone-iodine:

Bull trout:  Not likely to adversely affect

Chinook salmon:  Not likely to adversely affect

Chum salmon:  Not likely to adversely affect

Coho salmon:  Not likely to adversely affect

Sockeye salmon:  Not likely to adversely affect

Steelhead:  Not likely to adversely affect

The above determinations are all based on the estimated environmental concentrations from hatchery releases being substantially lower than the chronic NOECs for the above six species.

We are unaware of any quantitative aquatic toxicological data that would allow us to perform a quantitative ecological risk assessment on povidone-iodine risks to eulachon, bocaccio, canary rockfish, and yelloweye rockfish.  This is a true unknown type of uncertainty for the hatcheries that use povidone-iodine and which also discharge into estuarine or marine waters.

Effect Determinations of Elemental Iodine on T&E Species

Based on all chronic NOEC concentrations for six T&E salmonid species being substantially higher than the estimated environmental concentrations of elemental iodine released from hatcheries, EPA has made the following effect determinations for elemental iodine:

Bull trout:  Not likely to adversely affect

Chinook salmon:  Not likely to adversely affect

Chum salmon:  Not likely to adversely affect

Coho salmon:  Not likely to adversely affect

Sockeye salmon:  Not likely to adversely affect

Steelhead:  Not likely to adversely affect

The above determinations are all based on the estimated environmental concentrations from hatchery releases being substantially lower than the chronic NOECs for the above six species.

As was the case for povidone-iodine, the absence of any quantitative data that allowed us to quantify risks to eulachon and the three T&E rockfish species is an uncertainty in this BE.
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Sheet1

		Table ???  Povidone iodine predicted toxicity from empirical toxicity to rainbow trout

		Rainbow trout input toxicity data was a 35 day pulsed exposure NOEC of 100,000 µg/L from Amend (1974)

		Bull trout		=		Predicted Taxa		Model Level		Surrogate		Estimated Toxicity		95% Confidence Intervals		df (N-2)		R2		p-value		Mean Square Error (MSE)		Cross-validation Success (%)		Tax. Dist.		Slope		Intercept

						Salvelinus		genus		Rainbow trout (Oncorhynchus mykiss)		52968.91		27182.41 - 103217.68		37		0.88		0		0.16		92.3		2		0.89		0.26

						Salmonidae		family		Rainbow trout (Oncorhynchus mykiss)		75107.45		52911.16 - 106615.12		55		0.95		0		0.07		98.24		2		0.93		0.2

		Chinook salmon		=		Predicted Taxa		Model Level		Surrogate		Estimated Toxicity		95% Confidence Intervals		df (N-2)		R2		p-value		Mean Square Error (MSE)		Cross-validation Success (%)		Tax. Dist.		Slope		Intercept

						Chinook salmon (Oncorhynchus tshawytscha)		species		Rainbow trout (Oncorhynchus mykiss)		104925.18		41731.29 - 263813.85		6		0.97		0		0.06		100		1		0.94		0.27

						Oncorhynchus		genus		Rainbow trout (Oncorhynchus mykiss)		92369.48		63106.42 - 135202.10		45		0.95		0		0.07		97.87		1		0.96		0.16

						Salmonidae		family		Rainbow trout (Oncorhynchus mykiss)		75107.45		52911.16 - 106615.12		55		0.95		0		0.07		98.24		2		0.93		0.2

		Chum salmon		=		Predicted Taxa		Model Level		Surrogate		Estimated Toxicity		95% Confidence Intervals		df (N-2)		R2		p-value		Mean Square Error (MSE)		Cross-validation Success (%)		Tax. Dist.		Slope		Intercept

						Oncorhynchus		genus		Rainbow trout (Oncorhynchus mykiss)		92369.48		63106.42 - 135202.10		45		0.95		0		0.07		97.87		1		0.96		0.16

						Salmonidae		family		Rainbow trout (Oncorhynchus mykiss)		75107.45		52911.16 - 106615.12		55		0.95		0		0.07		98.24		2		0.93		0.2

		Coho salmon*		=		Predicted Taxa		Model Level		Surrogate		Estimated Toxicity		95% Confidence Intervals		df (N-2)		R2		p-value		Mean Square Error (MSE)		Cross-validation Success (%)		Tax. Dist.		Slope		Intercept

						Coho salmon (Oncorhynchus kisutch)		species		Rainbow trout (Oncorhynchus mykiss)		190915.63		122744.52 - 296948.31		15		0.98		0		0.02		100		1		1.04		0.03

						Oncorhynchus		genus		Rainbow trout (Oncorhynchus mykiss)		92369.48		63106.42 - 135202.10		45		0.95		0		0.07		97.87		1		0.96		0.16

						Salmonidae		family		Rainbow trout (Oncorhynchus mykiss)		75107.45		52911.16 - 106615.12		55		0.95		0		0.07		98.24		2		0.93		0.2

		Sockeye salmon		=		Predicted Taxa		Model Level		Surrogate		Estimated Toxicity		95% Confidence Intervals		df (N-2)		R2		p-value		Mean Square Error (MSE)		Cross-validation Success (%)		Tax. Dist.		Slope		Intercept

						Oncorhynchus		genus		Rainbow trout (Oncorhynchus mykiss)		92369.48		63106.42 - 135202.10		45		0.95		0		0.07		97.87		1		0.96		0.16

						Salmonidae		family		Rainbow trout (Oncorhynchus mykiss)		75107.45		52911.16 - 106615.12		55		0.95		0		0.07		98.24		2		0.93		0.2

		* Input toxicity greater than model maximum of 8974.89 µg/L, model not considered for use in estimating coho salmon chronic NOEC

		Selected ICE model used to estimate chronic NOEC for T&E species highlighted in green and bolded

		Results from other ICE models not used to estimate chronic NOEC for T&E species shown in red
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		Table PP-1.  Potassium permanganate predicted acute toxicity from empirical toxicity data for rainbow trout, Chinook salmon or coho salmon.

		All empirical 96 hour LC50 data were static exposures reported in Taylor and Glenn (2008).



		Bull trout =		Predicted Taxa		Model Level		Surrogate		Estimated Toxicity		95% Confidence Intervals		df (N-2)		R2		p-value		Mean Square Error (MSE)		Cross-validation Success (%)		Tax. Dist.		Slope		Intercept

				Salvelinus		genus		Chinook salmon (Oncorhynchus tshawytscha)*		5411.29		388.32 - 75406.58		4		0.75		0.025		0.27		66.66		2		0.63		0.92		* Input toxicity greater than model maximum of 21867.49

				Salmonidae		family		Chinook salmon (Oncorhynchus tshawytscha)		22553.47		10672.49 - 47660.78		6		0.97		0		0.06		87.5		2		0.94		0.16

				Salvelinus		genus		Coho salmon (Oncorhynchus kisutch)		6015.82		3648.16 - 9920.09		12		0.97		0		0.05		100		2		1		-0.22

				Salmonidae		family		Coho salmon (Oncorhynchus kisutch)		6130.65		4513.76 - 8326.72		16		0.98		0		0.02		100		2		0.97		-0.12

				Salvelinus		genus		Rainbow trout (Oncorhynchus mykiss)		14292.62		8372.67 - 24398.29		37		0.88		0		0.16		92.3		2		0.89		0.26

				Salmonidae		family		Rainbow trout (Oncorhynchus mykiss)		19034.71		14365.03 - 25222.38		55		0.95		0		0.07		98.24		2		0.93		0.2



		Chum salmon =		Predicted Taxa		Model Level		Surrogate		Estimated Toxicity		95% Confidence Intervals		df (N-2)		R2		p-value		Mean Square Error (MSE)		Cross-validation Success (%)		Tax. Dist.		Slope		Intercept

				Oncorhynchus		genus		Chinook salmon (Oncorhynchus tshawytscha)		27207.89		13939.03 - 53107.67		6		0.98		0		0.04		100		1		1.04		-0.21

				Salmonidae		family		Chinook salmon (Oncorhynchus tshawytscha)		22553.47		10672.49 - 47660.78		6		0.97		0		0.06		87.5		2		0.94		0.16

				Oncorhynchus		genus		Coho salmon (Oncorhynchus kisutch)		6626.87		5067.81 - 8665.56		16		0.98		0		0.01		100		1		0.96		-0.02

				Salmonidae		family		Coho salmon (Oncorhynchus kisutch)		6130.65		4513.76 - 8326.72		16		0.98		0		0.02		100		2		0.97		-0.12

				Oncorhynchus		genus		Rainbow trout (Oncorhynchus mykiss)		22503.29		16564.12 - 30571.97		45		0.95		0		0.07		97.87		1		0.96		0.16

				Salmonidae		family		Rainbow trout (Oncorhynchus mykiss)		19034.71		14365.03 - 25222.38		55		0.95		0		0.07		98.24		2		0.93		0.2



		Sockeye salmon =		Predicted Taxa		Model Level		Surrogate		Estimated Toxicity		95% Confidence Intervals		df (N-2)		R2		p-value		Mean Square Error (MSE)		Cross-validation Success (%)		Tax. Dist.		Slope		Intercept

				Oncorhynchus		genus		Chinook salmon (Oncorhynchus tshawytscha)		27207.89		13939.03 - 53107.67		6		0.98		0		0.04		100		1		1.04		-0.21

				Salmonidae		family		Chinook salmon (Oncorhynchus tshawytscha)		22553.47		10672.49 - 47660.78		6		0.97		0		0.06		87.5		2		0.94		0.16

				Oncorhynchus		genus		Coho salmon (Oncorhynchus kisutch)		6626.87		5067.81 - 8665.56		16		0.98		0		0.01		100		1		0.96		-0.02

				Salmonidae		family		Coho salmon (Oncorhynchus kisutch)		6130.65		4513.76 - 8326.72		16		0.98		0		0.02		100		2		0.97		-0.12

				Oncorhynchus		genus		Rainbow trout (Oncorhynchus mykiss)		22503.29		16564.12 - 30571.97		45		0.95		0		0.07		97.87		1		0.96		0.16

				Salmonidae		family		Rainbow trout (Oncorhynchus mykiss)		19034.71		14365.03 - 25222.38		55		0.95		0		0.07		98.24		2		0.93		0.2

		* Input toxicity greater than ICE model input maximum concentration, model not considered for use in estimating chronic NOECs for T&E species

		Selected ICE model used to estimate chronic NOEC for T&E species highlighted in green and bolded

		Results from other ICE model runs not used to estimate chronic NOEC for T&E species shown in red
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